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The small population of Hector’s dolphins that ranges along the Catlins coast forms a crucial 
genetic link between the dolphins in Otago and in Southland’s Te Waewae Bay. During the 
austral summer, dolphins from this population frequently use Porpoise Bay, which appears to 
be an important foraging and calving area. A perceived increase in the number of visitors to 
the bay raised concerns over the potential effects of interactions with swimmers, and resulted 
in the need for a comprehensive study to guide management of the dolphins. This thesis details 
the results of a study conducted during 2019/20 which aimed to update the estimate of 
abundance, assess the potential effects of recreational swimmers, and quantify the use of 
Porpoise Bay by Hector’s dolphins. Using capture-recapture modelling of photo-identification 
data it was estimated that 53 Hector’s dolphins (95% CI = 41-71), including three new calves, 
used Porpoise Bay during summer 2020. Linear regression analyses showed no evidence of a 
change in abundance from previous estimates in 1996/97, 2002/03, and 2008, despite the 
establishment of the Catlins Coast Marine Mammal Sanctuary and the introduction of 
restrictions on potentially harmful fishing methods in 2008. Land-based theodolite tracking 
was used to assess the potential effects of recreational swimmers on the behaviour of Hector’s 
dolphins and evaluate the effectiveness of management guidelines. Dolphins showed 
significant behavioural responses to swimmer presence, including a reduction in time spent 
‘long-diving’ and some evidence of avoidance of swimmers when calves were present. During 
swimmer-dolphin interactions observed in this study, management guidelines were frequently 
contravened, particularly section 20(b) of the Marine Mammals Protection Regulations (i.e. 
persons may not swim with dolphin calves or a pod of dolphins that includes calves). Kernel 
density estimation and passive acoustic monitoring were used to quantify use of Porpoise Bay 
by Hector’s dolphins. All analyses indicated that the dolphins’ preferred area was in the south-
west corner of the bay, suggesting long-term stability in the core summer habitat of this 
population. Dolphin presence was greatest during the summer sampling months (January to 
March), although dolphins were detected in the bay during non-summer months for the first 
time. In addition, new evidence of variation in the dolphins’ use of the bay over diel and tidal 
cycles was found. Given that small populations inherently have a high risk of extinction, a 
precautionary approach to management of the Catlins coast Hector’s dolphins’ key threats is 
justified. This thesis provides management recommendations designed to minimise disturbance 
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In human history, we have learned (I hope) that the conqueror role is eventually self-
defeating. Why? Because it is implicit in such a role that the conqueror knows, ex cathedra, 
just what makes the community clock tick, and just what and who is valuable, and what and 
who is worthless, in community life. It always turns out he knows neither, and this is why his 
conquests eventually defeat themselves. In the biotic community, a parallel situation exists. 





Chapter 1 - General introduction 
 
1.1 Global biodiversity crisis   
Throughout evolutionary history, widespread and rapid increases in species extinction rates 
have occurred at least five times (Raup & Sepkoski 1982; Jablonski 1994; Hallam & Wignall 
1997). These ‘mass extinction’ events resulted in severe depletion of biological diversity (i.e. 
genetic, species and ecosystem diversity; hereafter referred to as biodiversity) and altered 
ecosystem processes on a global scale (Christie et al. 2013; Dirzo et al. 2014). A growing body 
of evidence suggests that Earth is currently experiencing a human-induced sixth mass 
extinction event (e.g. Barnosky et al. 2011; Ceballos et al. 2015). At least 900 species have 
gone extinct in recent history (IUCN 2021), and more than 1,000,000 more are threatened with 
extinction in the near future (IPBES 2019). Losing species not only signals the loss of 
ecosystem function, but also the potential loss of valuable ecosystem services that impact 
human well-being (Estes et al. 2011; Ceballos et al. 2017; Atwood & Hammill 2018). 
Therefore, it is of utmost importance that actions are taken to halt biodiversity loss and prevent 
further species extinctions (Ceballos et al. 2020). However, in some instances, management at 
the species-level can lead to biodiversity loss if local populations are driven to extinction, even 
though the species overall may appear to be thriving (Merrick et al. 2009). To help safeguard 
wildlife and avoid biodiversity loss, conservation management strategies may need to be 
targeted at the population-level for some species (Breininger et al. 1998).   
Worldwide, human activities have caused wildlife populations to decline by an average of 68% 
since the 1970s (Almond et al. 2020). Such declines increase the vulnerability of populations 
to extinction, particularly when they become small (Soulé 1987). This is because stochastic 
(i.e. random) factors have a disproportionately greater effect on individuals in small 
populations compared to large populations (Table 1.1; Caughley 1994). These effects can be 
exacerbated if small populations lose connectivity between each other and become fragmented. 
For example, population declines may lead to reduced dispersal rates between neighbouring 
populations and hinder gene flow between them (Rodrı́guez & Delibes 2003). Consequently, 
genetic diversity may be lost within a population, which could potentially lead to inbreeding 
depression (i.e. reduced fitness of individuals with closely related parents; Frankham et al. 
2017) or a reduced ability to adapt to rapidly changing environmental conditions (Ceballos et 





species in the long-term by supplementing population numbers (Namba et al. 1999; Rodrı́guez 
& Delibes 2003). Immigration of individuals from larger populations into small populations 
may provide a ‘rescue effect’, increasing population size and reducing the risk of extinction 
(Brown & Kodric-Brown 1977). Maintenance of important ecological (e.g. dispersal) and 
evolutionary processes (e.g. gene flow) is therefore crucial to increase resilience and minimise 
extinction risk over the long-term (Mace & Purvis 2008). This is especially important for areas 
of high biodiversity and endemism, where the effects of accelerating climate change will likely 
be greatest (Malcom et al. 2006; Dirnböck et al. 2011; Enquist et al. 2019; Manes et al. 2021). 
 
Table 1.1. Stochastic factors that may increase risk of extinction (adapted from Hedrick 1992). 
Factor Description 
Biotic stochasticity Variation in the populations of competitors, predators, prey, 
parasites, and pathogens. 
Abiotic stochasticity  Deleterious changes in habitat or the physical environment, 
such as floods, droughts, fires, windstorms, volcanic eruptions. 
Demographic stochasticity Chance events affecting the survival and reproductive success 
of a population, such as variation in the number of males and 
females (i.e. sex ratio), birth and death rates, population growth 
rates and age structure.  
Genetic stochasticity Potentially detrimental genetic changes resulting from chance 
events such as genetic drift (i.e. the accumulation of mildly 
deleterious mutations) or inbreeding (i.e. reduced fitness due 
to repeated mating of closely related individuals). 
Social dysfunction Behaviours that become detrimental to population survival at 
small population sizes such as group foraging, finding a mate, 









1.2 Biodiversity crisis in Aotearoa New Zealand 
Located in the southwest Pacific Ocean, Aotearoa New Zealand is an archipelago made up of 
three major islands (North, South, and Stewart Island) and more than 700 offshore islands 
(Gordon et al. 2010). For around 80 million years, the species and ecosystems of Aotearoa have 
been evolving in geographic isolation from the rest of the world (Cooper & Millener 1993). As 
a result, a large proportion of Aotearoa’s indigenous wildlife is endemic. Of the species 
formally described to date, approximately 7% of marine mammals, 72% of birds, 81% of 
insects, 88% of freshwater fishes, and all species of reptiles, frogs, and bats are endemic to 
Aotearoa (Macfarlane et al. 2010; Gordon 2013; Department of Conservation [DOC] 2020; 
New Zealand Threat Classification System [NZTCS] 2021). This high level of endemism has 
led to Aotearoa being described as a global hotspot of biodiversity (Myers et al. 2000).  
Since the arrival of humans, Aotearoa has experienced a rapid and widespread loss of 
biodiversity (e.g. Holdaway 1999; Worthy & Holdaway 2002; Valente et al. 2019). Around 
4000 indigenous species are currently threatened with or at risk of extinction (Ministry for the 
Environment 2019; DOC 2020). Moreover, many populations of Aotearoa’s endemic wildlife 
have undergone significant declines and are now fragmented across their former range (e.g. 
Leiopelma frogs, Bishop 1999; kea Nestor notabilis, Temple 1996; New Zealand sea lion 
Phocarctos hookeri, Childerhouse & Gales 1998). This ongoing biodiversity crisis is primarily 
driven by changes in land and sea use, overexploitation, climate change, and invasive species 
(DOC 2020). However, more subtle pressures, such as disturbance from tourism and 
recreational activities, may also be impacting vulnerable populations of indigenous wildlife 
over the long-term (e.g. bottlenose dolphins Tursiops truncatus, Lusseau 2005; yellow-eyed 
penguins Megadyptes antipodes, Bell et al. 2020). 
 
1.3 Tourism as a sub-lethal threat to wildlife  
Wildlife-based tourism is increasing in popularity worldwide (International Ecotourism 
Society 2000; Wearing & Neil 2009; Moorhouse et al. 2015) and has been recognised as one 
of Aotearoa New Zealand’s fastest growing tourism sectors (Higham et al. 2001; Abbott et al. 
2021). Tourism in Aotearoa has generated economic benefits for New Zealanders and has the 
potential to increase public awareness of conservation issues (Upton 2019). On the other hand, 





tourism activities on the animals and populations involved (e.g. Orams 1996; Lusseau & 
Higham 2004; Higham et al. 2016; Hoyt 2018; Upton 2019; Fumagalli et al. 2021).  
Research has shown that seemingly benign changes in the behaviour or physiology of disturbed 
animals can accumulate over time and may eventually affect an individual’s reproductive 
success or survival (Ellenberg et al. 2007; Christiansen & Lusseau 2014; New et al. 2014). If 
enough individuals in the population are affected, negative effects on population dynamics may 
occur, although these are often difficult to detect (Nowacek et al. 2016). To minimise impacts 
on target animals, tourism activities often have guidelines and regulations that participants are 
expected to follow (Higginbottom 2004; Tapper 2006; Richards et al. 2015). Lack of 
compliance, however, may be impeding these attempts to reduce potentially negative impacts 
on wildlife populations (e.g. Filby et al. 2015; Richards et al. 2015; Hooper et al. 2021). 
Particularly for cetaceans in Aotearoa, there is a pressing need for robust information on their 
ecology, the potential effects of tourism, and compliance with regulations to help guide 
sustainable management (Fumagalli et al. 2021).  
 
1.4 Cetacean tourism 
Cetaceans (whales, dolphins, and porpoises) are a popular target for close-up encounters (i.e. 
swim-with-dolphin or whale-watching activities; hereafter referred to as cetacean tourism) in 
Aotearoa New Zealand. Target species include sperm whales (Physeter macrocephalus, e.g. 
Gordon et al. 1992; Richter et al. 2006; Markowitz et al. 2011), bottlenose dolphins (e.g. 
Lusseau 2003a; Tezanos-Pinto et al. 2013; Guerra et al. 2014), dusky dolphins 
(Lagenorhynchus obscurus, e.g. Barr & Slooten 1999; Markowitz et al. 2009; Lundquist et al. 
2012), common dolphins (Delphinus sp., e.g. Neumann & Orams 2006; Stockin et al. 2008; 
Meissner et al. 2015), and Hector’s dolphins (Cephalorhynchus hectori hectori, e.g. Bejder et 
al. 1999; Nichols et al. 2001; Martinez et al. 2010, 2012).  
The presence of tourism may cause cetaceans to alter their behaviour in the short-term. 
Examples include changes in behavioural budgets (i.e. the proportion of time spent performing 
particular behaviours), group cohesion, swim speed, individual and group orientation, dive 
intervals, and acoustic behaviour (e.g. Bejder et al. 1999; Lusseau 2003a; Stockin et al. 2008; 
Martinez et al. 2010; Markowitz et al. 2011; Lundquist et al. 2012; Guerra et al. 2014). In 
contrast, very little research documenting long-term impacts of tourism on cetaceans exists, 





Australia, where the relative abundance of bottlenose dolphins was compared at adjacent 
control and tourism sites, over three consecutive 4.5-year periods. Within the tourism site, 
dolphin abundance declined significantly as the number of tourism operators increased from 
one to two (Bejder et al. 2006). Interestingly, no statistically significant trends in dolphin 
abundance were found at the control site (Bejder et al. 2006). Importantly, the authors note that 
due to its large size and high genetic diversity, this particular population may be more resilient 
to tourism pressures than small, isolated populations (Bejder et al. 2006).   
In Aotearoa, some long-term studies have highlighted the vulnerability of small, isolated 
dolphin populations exposed to tourism. For example, in the Bay of Islands, Northland, swim-
with-dolphin tours may be having a long-term impact on a small, genetically isolated bottlenose 
dolphin population (Constantine 2001). Here, it was demonstrated that dolphins changed their 
behaviour and increased their avoidance of swimmers over a five-year period (Constantine 
2001). Tezanos-Pinto et al. (2013) found evidence of a significant long-term decline in the 
abundance of this population, although the driver of decline is unknown. Regardless of cause, 
tourism pressure is of great concern for the long-term viability of the population (Peters & 
Stockin 2016). This concern is shared for other small, isolated bottlenose dolphin populations 
found in Fiordland (e.g. Lusseau et al. 2006). A range of short-term impacts has been detected 
in the resident Doubtful Sound population, including sex-specific responses to vessels, changes 
to behavioural budgets, and altered acoustic behaviour (e.g. Lusseau 2003a, 2006; Guerra et 
al. 2014). The long-term population-level consequences of these responses are unknown 
(Guerra et al. 2014), although it has been suggested that exposure to tourism likely contributes 
to low calf survival in this population (Currey et al. 2009). Additionally, research over a three-
year period on the northern Fiordland population suggested that dolphins were less likely to 
use Milford Sound when tourism activity was high (Lusseau 2005). These examples 
demonstrate the need for robust studies of the effects of tourism on small, isolated populations 
to guide sustainable management. Moreover, research assessing how tourism may be affecting 
cetaceans has primarily focused on commercial tourism. In contrast, the potential effects of 
recreational tourism (i.e. non-consumptive recreational interactions with wildlife; Duffus & 








 1.5 Hector’s dolphin  
Hector’s dolphin (Cephalorhynchus hectori), also known as the New Zealand dolphin, is a 
small coastal delphinid endemic to the shallow (<100 m) temperate waters of Aotearoa New 
Zealand (Dawson et al. 2004; Slooten et al. 2004; Rayment et al. 2010). Hector’s dolphins are 
currently listed as “Endangered” by the International Union for the Conservation of Nature 
(IUCN, Reeves et al. 2013), and “Threatened - Nationally Vulnerable” under the NZTCS 
(Baker et al. 2019). Hector’s dolphins have undergone a significant decline and are estimated 
at ~30% of the 1970 population (Slooten & Dawson 2020). The most recent research estimates 
a total population size of ~15,000 individuals (Mackenzie & Clement 2016). Bycatch in gillnet 
and trawl fisheries has been identified as the key driver of decline and fragmentation of regional 
and local subpopulations of Hector’s dolphins (Dawson 1991; Slooten et al. 2000; Hamner et 
al. 2012). Isolated populations are expected to be more vulnerable to other threats and 
environmental stressors (Baker et al. 2019), such as tourism (e.g. Bejder et al. 1999; Martinez 
et al. 2010) and disease (e.g. toxoplasmosis, Roe et al. 2013; brucellosis, Buckle et al. 2017).  
There are four genetically distinct regional populations of Hector’s dolphins, one of which has 
been raised to subspecific status (Māui dolphin, C. hectori maui; Baker et al. 2002). These 
populations are regarded as isolated despite no apparent geographical barriers between them 
(Pichler et al. 1998; Pichler 2002). High site fidelity and one of the smallest home ranges of 
any cetacean (mean alongshore range = 50 km, Rayment et al. 2009a; Bräger & Bräger 2018) 
are likely driving the observed genetic differentiation between populations (Pichler et al. 1998), 
although evidence of long-range dispersal by Hector’s dolphins has been found (e.g. Hamner 
et al. 2014). Within the South Island (SI) regional populations (i.e. east coast SI [ECSI], south 
coast SI [SCSI], west coast SI), local populations appear to be connected by gene flow only 
with immediately adjacent populations (Pichler 2002; Hamner et al. 2012). Some local 
population fragments, such as those found off the Catlins (Bejder & Dawson 2001; Green 
2003), Otago (Turek et al. 2013), and in Cloudy Bay (Hamner et al. 2017) (Fig. 1.1A), are 
particularly important as genetic stepping-stones between regional subpopulations (Pichler 
2002). Estimates of low abundance suggest that these local populations may be at high risk of 
extinction, due bycatch or other threats (Hamner et al. 2012; Slooten & Dawson 2020).  
Hector’s dolphin females reach sexual maturity at approximately 7-9 years of age and calve 
every 2-3 years thereafter (Slooten 1991; Slooten & Lad 1991; Slooten & Dawson 1994). 





(1.8 - 4.9% per year; Slooten & Lad 1991). Research at Banks Peninsula (Fig. 1.1A) indicates 
that survival rate improved following the implementation of gillnet restrictions in the Banks 
Peninsula Marine Mammal Sanctuary, however the population was still estimated to be 
declining (Gormley et al. 2012). The low potential for population growth, coupled with a near-
shore distribution (Rayment et al. 2010), make local populations of Hector’s dolphins 
particularly vulnerable to anthropogenic impacts, such as tourism activities (Slooten 2013).  
Hector’s dolphins are protected under the Marine Mammals Protection Act (MMPA 1978) and 
the Marine Mammals Protection Regulations (MMPR 1992) in Aotearoa New Zealand. At 
present, Hector’s dolphins are managed at a regional population scale. This large-scale 
management strategy does not consider the vulnerability of some small, local populations to 
anthropogenic threats (Slooten & Dawson 2021). Furthermore, a lack of clear, quantitative, 
and biologically relevant management goals for Hector’s dolphins may be hindering the 
recovery of local populations, increasing their risk of extinction (Slooten & Dawson 2021).    
In 2020, the Hector’s and Māui dolphin Threat Management Plan (TMP) was revised to guide 
management of key threats throughout the dolphins’ habitat (Ministry for Primary Industries 
[MPI] & DOC 2020). The TMP used the results of a series of aerial surveys and a habitat model 
to create a spatial risk assessment of fisheries-related threats for regional populations of 
Hector’s dolphin (Roberts et al. 2019). The resulting government decisions increased 
restrictions of gillnets and trawling in some areas where larger populations of Hector’s dolphins 
occur (e.g. Banks Peninsula, Te Waewae Bay). In some areas with smaller, more vulnerable 
populations (e.g. Catlins coast), no additional protections were introduced. Thus, restrictions 
on the key fisheries-related threats for some small Hector’s dolphin populations have not 
changed since they were introduced in 2008 (i.e. commercial gillnetting prohibited within 4 
nautical miles [n.mi.] and trawling restricted within 2 n.mi.) (Fisheries New Zealand 2020). 
 
1.6 Catlins coast population 
One local population of Hector’s dolphins, also known as pahu locally, can be found off the 
Catlins along the south-east coast of the South Island of New Zealand (Green 2003; Fig. 1.1A, 
B). The Catlins coast population forms a crucial genetic link between the SCSI and ECSI 
regional populations (Pichler 2002). Research conducted by Hamner et al. (2012) found 
significant genetic differentiation and restricted local gene flow between the two local SCSI 





both mitochondrial DNA and microsatellite analyses. The distance separating the Catlins coast 
and Te Waewae Bay populations presents a gap in distribution greater than the average 
individual home range (mean = 50 km; Rayment et al. 2009a). It is possible that this gap is 
acting as a barrier to dispersal and a force of isolation on the Catlins coast population (Hamner 
et al. 2012). Subsequently, it was suggested that the two SCSI populations be managed 
independently (Hamner et al. 2012). Currently, Marine Mammal Sanctuaries (MMS) help 
manage non-fisheries-related threats to the Te Waewae Bay and Catlins coast populations, 
restricting the use of acoustic seismic surveys and seabed mining (New Zealand Gazette 2020). 
During the austral summer, Hector’s dolphins from the Catlins coast population can be found 
consistently in Porpoise Bay/Whakapikiarero, a small (4 km2), shallow sloping bay in the 
eastern part of the population’s range (Fig. 1.1C; Bejder & Dawson 2001; Green 2003). Photo-
identification (photo-ID) capture-recapture estimates of abundance of the dolphins using 
Porpoise Bay indicate the population is small (46 individuals, 95% confidence interval = 41-
51; Webster & Rayment 2008). Webster & Rayment (2008) found no evidence to suggest any 
trend in population size from previous estimates in 1996/97 and 2002/03 (Bejder & Dawson 
2001; Green 2003). More recently, aerial line-transect surveys were conducted in 2010 and 
2018 over the SCSI to help guide management of fisheries-related threats to Hector’s dolphins 
(Clement et al. 2011; Mackenzie & Clement 2018). However, no abundance estimate was 
produced specifically for the Catlins coast area due to a low dolphin density and insufficient 
survey effort (Mackenzie & Clement 2018). This demonstrates the need for an updated estimate 
of abundance based on fine-scale data to help guide management of the population. 
Porpoise Bay appears to be an important foraging and calving area for Hector’s dolphins during 
summer, with a relatively small, sheltered area near the southern end of the bay being strongly 
favoured (Bejder & Dawson 2001; Green 2003). Previous studies of the ecology of Hector’s 
dolphins in Porpoise Bay have been restricted to visual observations (Bejder & Dawson 2001; 
Green 2003). This has limited researchers’ ability to study the spatial and temporal distribution 
of Hector’s dolphins in Porpoise Bay. Passive acoustic monitoring provides new opportunities 
to investigate the ecological drivers of this population’s distribution. Use of passive acoustic 
monitoring may also allow for diel patterns of use and seasonal occurrence of Hector’s dolphins 
in Porpoise Bay to be investigated for the first time. This would address a key gap in the 
knowledge of this small population. Furthermore, improving our knowledge about the ecology 





















Figure 1.1. (A) Map of Aotearoa New Zealand with some important local populations of Hector’s dolphins shown. The 
south coast of the South Island is indicated by a black box. (B) South coast of the South Island with the Te Waewae Bay 
and Catlins Coast Marine Mammal Sanctuaries indicated by blue shaded boxes and Porpoise Bay by a black box. (C) Map 






While there is no longer a commercial operator offering dolphin watching tours in Porpoise 
Bay, the bay is a popular destination for tourists and surfers during the summer months (Green 
2003). The shallow sheltered area frequently used by recreational swimmers overlaps with the 
core-use area of Hector’s dolphins in the bay (Bejder et al. 1999; Green 2003), and many 
swimmers seek interaction with the dolphins. Previous research during the austral summers of 
1995-97 and 2001-03 found evidence of short-term behavioural responses of Hector’s dolphins 
to swimmers in Porpoise Bay, including changes to dolphin group behavioural state, cohesion, 
and directionality of travel (Bejder et al. 1999; Green 2003). These short-term responses were 
not thought to constitute serious impact (Bejder et al. 1999; Green 2003). Since then, there has 
been an apparent increase in the number of visitors to Porpoise Bay, with the adjacent Curio 
Bay attracting more than 100,000 visitors annually prior to the COVID-19 pandemic (Bamford 
et al. 2017; South Catlins Charitable Trust unpublished data). Given this increase in visitor 
activity, and that the most recent tourism study was undertaken almost two decades ago, there 
is a pressing need to update the assessment of the potential effects of recreational swimmers 
on Hector’s dolphins in Porpoise Bay.  
Current management of the Hector’s dolphin population that uses Porpoise Bay includes 
voluntary local and legislative guidelines designed to limit disturbance from humans (Table 
1.2). Guidelines are administered through the Department of Conservation, Southland Regional 
Coastal Plan (Environment Southland 2013), and the Marine Mammals Protection Regulations 
(1992). Most guidelines are displayed on various signage at or near popular beach entrances 
and the Waikawa Harbour boat ramp. A notable exception from these signs is the ‘do not swim 
with juvenile dolphins’ rule (MMPR section 20(b); Table 1.2). At present, there is no 
enforcement or monitoring of these guidelines in Porpoise Bay. Therefore, there is a need to 
evaluate current swimmer compliance with guidelines to help guide management and ensure 











Table 1.2. Summary of management measures designed to limit disturbance to Hector’s 
dolphins in Porpoise Bay. ‘In the water’ refers to measures swimmers should take to avoid 
disturbing dolphins when they are in the water. ‘On the water’ refers to measures vessel users 
should take to avoid disturbance to the dolphins. ‘Off the water’ refers to measures designed 
to limit disturbance to dolphins from sources such as drones. MMPR refers to the New Zealand 
Marine Mammals Protection Regulations (1992). SRCP refers to the Southland Regional 
Coastal Plan (Environment Southland 2013).  
Management measure Description 
In the water  
50 m rule (local guideline). When entering the water at Porpoise Bay, if you can see 
dolphins; enter the water at least 50 m away, preferably 
between the dolphins and South Head.  
It is illegal to disturb or 
harass a dolphin (MMPR). 
Do not attempt to approach, touch, or try to feed the dolphins.  
 
Do not pass through or surround dolphins.  
 
Contact with any marine mammal shall be abandoned at any 
stage if it becomes or shows signs of becoming disturbed or 
alarmed (MMPR section 18(b)). 
 
Do not swim with juvenile 
dolphins (MMPR). 
Persons may swim with dolphins but not with juvenile 
dolphins or a pod of dolphins that includes juvenile dolphins 
(MMPR section 20(b)).   
On the water  
5-knot speed limit (SRCP). A 5-knot speed restriction zone is in place for all watercraft in 
the Hector’s dolphin area in Porpoise Bay (Rule 14.2.5; 
Environment Southland 2013).  
 
40-minute limit in Porpoise 
Bay (local guideline). 
Vessels to spend no longer than 40 minutes in the Hector’s 
dolphin area in Porpoise Bay. 
 
Jet ski ban (SRCP). Jet skis are prohibited from the Porpoise Bay marine area  
(Rule 14.2.2; Environment Southland 2013). 
Off the water  
Drone ban (local guideline 
and MMPR). 
Drones may not be used in the Porpoise Bay marine area 
without permission from Environment Southland. 
 
Drones shall not be closer than 150 m horizontally from a point 






1.7 Justification and thesis objectives 
Given that the most recent assessment of the potential effects of tourism was in 2003, and the 
most recent estimate of abundance was in 2008, there is an urgent need to update the status of 
Hector’s dolphin population that uses Porpoise Bay. Furthermore, little is known about the 
spatiotemporal ecology of this population. The purpose of this thesis, therefore, is to investigate 
the ecology and potential effects of recreational swimmers on the Hector’s dolphins found in 
Porpoise Bay during 2019/2020 to: a) provide management recommendations for the Catlins 
coast Hector’s dolphin population, and b) increase ecological knowledge relevant to 
management of small populations of Hector’s dolphins. 
The primary aims of this thesis are to: 
• Update the estimate of abundance for the Hector’s dolphin population that uses 
Porpoise Bay, and compare to previous estimates from 1996/97, 2002/03, and 2008. 
• Quantify visitor activity, swimmer compliance with management guidelines, and short-
term behavioural responses of Hector’s dolphins to recreational swimmers in Porpoise 
Bay. 
• Quantify the use of Porpoise Bay by Hector’s dolphins, with emphasis on gaining 
knowledge about the ecology of the population. 














Chapter 2 - Estimating the abundance of Hector’s dolphins using 
Porpoise Bay, Southland, during summer 2020. 
 
2.1 INTRODUCTION 
Monitoring the status of wildlife populations is fundamental to ecology and provides crucial 
information to managers and decision makers (Witmer 2005). Central to population monitoring 
is accurate assessment of trends in abundance over time (Caughley 1994; Witmer 2005). The 
information obtained through population monitoring can be used for a variety of applications. 
For example, data are often used to determine sustainable levels of harvest (e.g. Wade 1998), 
or to identify populations in decline or at risk of extinction (e.g. Burkhart & Slooten 2003). 
Particularly for rare or threatened species, high quality data on population abundance are useful 
for assessing the efficacy of management strategies designed to promote population recovery 
(Taylor & Gerrodette 1993; Wilson et al. 1999; Moxley et al. 2017). 
A wide range of sampling methods are available to estimate the abundance of wildlife 
populations. Capture-recapture modelling (also known as ‘mark-recapture’) is a powerful 
research paradigm that has been applied extensively in ecological studies (LeCren 1965; 
Pollock et al. 1990; Chao 2001). The simplest capture-recapture model, known as Lincoln-
Petersen, requires an initial sample to capture a known number of uniquely marked individuals 
from a wider population of unknown size. Following this, a second sample is taken to see how 
many marked animals are recaptured (Petersen 1896; Lincoln 1930, Pollock et al. 1990). 
Assuming the proportion of marked individuals in the second sample is representative of the 
whole population, researchers can then estimate the total abundance of the population. When 
only a proportion of the population have recognisable marks, this proportion (known as mark 
rate) is used to scale up the abundance estimate of marked animals to the whole population 
(e.g. Ballance 1990; Williams et al. 1993; Gormley et al. 2005).  
A key requirement of capture-recapture studies is that individuals in the population are 
uniquely identifiable (Seber 1982). Artificial marking of animals was once considered essential 
in such studies, however, recognition of individuals from their natural markings has largely 
replaced this, especially for species that are difficult to mark, or for which the marking process 
is invasive or risky (Slooten et al. 1992). For example, individual broadnose sevengill sharks 





patterns on their dorsal surface (Lewis et al. 2020), jaguars (Panthera onca) by variation in 
their rosettes (Silver et al. 2004), and Grevy’s zebra (Equus grevyi) by their unique striped 
patterns (Zero et al. 2013). Identifying individual animals from natural markings can be 
difficult, and often requires patience and experience (Penncycuick 1978). With ever-improving 
high-quality digital photography, researchers can identify individuals based on natural 
markings while minimising the need to interact with and potentially disturb the animals (Martin 
et al. 1993; Harting et al. 2004).  
Photo-identification (photo-ID) is a cornerstone research method that has been successfully 
applied to a wide range of small cetaceans (for reviews see Hammond et al. 1990; Urian et al. 
2015). It is particularly useful because it allows researchers to photographically ‘capture’ and 
identify individuals in a challenging environment while being non-invasive and inexpensive 
(Würsig & Würsig 1977; Hammond et al. 1990). For cetaceans, identification is usually based 
on natural markings such as nicks in the dorsal fin or flukes (Würsig & Jefferson 1990), 
although various other features have been utilised, e.g. pigmentation patterns, callosities, and 
scars (Urian et al. 2015). Data obtained from photo-ID are frequently analysed with capture-
recapture techniques to study the population biology and ecology of small cetacean 
populations; for example, abundance (e.g. Wilson et al. 1999), survival rate (e.g. Gormley et 
al. 2012), and home range (e.g. Rayment et al. 2009a). As such, photo-ID provides a valuable 
tool for researchers investigating questions relevant to the conservation and management of 
cetacean populations.  
 
2.1.1 Previous estimates of abundance in Porpoise Bay 
The most recent estimate of abundance for the Hector’s dolphin (Cephalorhynchus hectori 
hectori) population that uses Porpoise Bay was conducted in 2008 (46 individuals, 95% 
confidence interval [CI] = 41-51; Webster & Rayment 2008). This coincided with the 
introduction of restrictions on the use of commercial gillnets within 4 n.mi. of the coast and 
trawling within 2 n.mi. (and closer if using nets with <1.5 m headline height) (Fisheries New 
Zealand 2020). Following the review of the Hector’s and Māui dolphin Threat Management 
Plan (TMP) in 2019/20, additional restrictions on commercial gillnet use have been introduced 
within part of the south coast South Island (SCSI) regional population (i.e. Te Waewae Bay), 
but not in the range of the Hector’s dolphin population that uses Porpoise Bay (i.e. within the 





of abundance to date indicating a very low number of dolphins, and thus a high risk of 
extinction for the population that uses Porpoise Bay (e.g. Burkhart & Slooten 2003).  
The research underpinning the TMP decision-making process involved conducting large-scale 
aerial surveys throughout the SCSI management area. These studies made very few 
observations of Hector’s dolphins within the CCMMS during surveys in 2010 and 2018 and 
did not produce estimates of abundance specifically for the Catlins coast population (Clement 
et al. 2011; Mackenzie & Clement 2018). It is likely that survey effort in these studies was 
insufficient to detect Hector’s dolphins outside of Te Waewae Bay due to a low density of 
dolphins (Mackenzie & Clement 2018). Furthermore, Hamner et al. (2012) suggested that a 
high degree of genetic differentiation between the Te Waewae Bay and Catlins coast 
populations warrants the consideration of separate management plans for each of these 
populations. As such, there is an urgent need to update the status of the Hector’s dolphin 
population that uses Porpoise Bay. An updated estimate of abundance will provide much 
needed fine-scale data about this vulnerable population and allow the potential effects of 
fisheries restrictions introduced in 2008 to be investigated. 
 
2.1.2 Study aims 
To facilitate comparisons to previous research, this study uses similar methods to Bejder & 
Dawson (2001), Green (2003) and Webster & Rayment (2008) to estimate the abundance of 
Hector’s dolphins using Porpoise Bay during summer 2020. 
The aims of this study were to: 
• Undertake photo-identification of Hector’s dolphins and calculate an abundance 
estimate for the dolphins using Porpoise Bay during summer 2020. 
• Compare results to previous research obtained in 1996/97 (Bejder & Dawson 2001), 










2.2.1 Fieldwork  
Photographic-identification (photo-ID) surveys were carried out between 17th January and 7th 
March 2020 in Porpoise Bay, Southland. The survey vessel was a 4.3 m Stabicraft powered by 
a 40 hp outboard engine. If sea conditions allowed, the survey route typically proceeded from 
the entrance of Waikawa Harbour to South Head, and then along the beach just outside the line 
of breakers back to the start point (Fig. 2.1). Surveys were only undertaken in Beaufort sea 
state 2 or less (i.e. no white caps) and swell height of <2 m. Surveys were conducted in 
accordance with the 5-knot speed limit within the bay as well as the Marine Mammals 
Protection Regulations (MMPR 1992) to minimise disturbance to the dolphins. Typically, one 
survey was conducted per day if weather conditions allowed. On three occasions, two surveys 
were conducted in one day to increase sample size and improve precision of the abundance 
estimate. These surveys were conducted at least 4 hours apart, based on guidelines provided by 
the Department of Conservation (DOC) Southland Conservancy.  
Figure 2.1. A map of Porpoise Bay, Southland, with an example of a photo-ID survey track 
(blue dashed line). The survey track followed a line between the entrance to Waikawa Harbour 





The survey vessel’s track was logged continuously at 30-second intervals using a Garmin 
GPSMAP 78 handheld GPS in order to quantify survey effort and record start and end locations 
for each dolphin encounter. While on survey effort, two observers continuously scanned for 
dolphins. Consistency in survey method was maintained by having one observer (the author) 
present on all surveys. When a dolphin group was sighted, the vessel’s speed was reduced, and 
the group approached. Dolphins were considered to be part of the same group if within ~20 m 
of each other during an encounter, in accordance with previous studies (Bejder & Dawson 
2001; Green 2003; Webster & Rayment 2008). Information for each encounter was recorded 
on a data sheet, including start and end time, estimated group size, number of calves, behaviour, 
Beaufort sea state, swell height, numbers of photographs taken, and any other notes of interest. 
During each encounter, photographs were taken of the dorsal fin of any dolphin surfacing side-
on to the photographer using a Nikon D750 DSLR camera with an 80-200 mm f2.8 zoom lens. 
Random photography (sensu Gormley et al. 2005; Wickman et al. 2021a), i.e. photographing 
all dolphins near the boat regardless of whether they are naturally marked, serves a dual purpose 
of both capturing the marked individuals, and allowing for an estimation of mark rate. For each 
group, the photographer aimed to take four times as many photos as there were dolphins in the 
group to achieve a 95% chance of every individual being photographed (Ballance 1990; Würsig 
& Jefferson 1990). Due to a DOC-imposed limit of 40 minutes per encounter in Porpoise Bay, 
and occasionally the evasive behaviour of some dolphin groups, this was not always possible. 
To maintain consistency in photo-ID methodology, the same photographer (the author) was 
used throughout the study. 
Hereafter, the terms “photos” and “photographs” will refer to photographs taken in the field, 
whereas “images” will refer to photos deemed to be of high enough quality to be used in photo-
ID analyses (Eguchi 2014; Wickman et al. 2021a). 
 
2.2.2 Photograph quality and mark categorisation 
Following each survey, photographs were carefully scrutinised. To be included in subsequent 
capture-recapture analyses, photographs had to be side on, in sharp focus, well-exposed and 
close enough to show all marks on the dorsal fin. Imposing these quality criteria ensured that 
small marks had the same chance of being detected as large marks, thus reducing heterogeneity 
in sighting probability, as well as increasing the probability of marks being identified correctly 





the same dolphin, only one photo was included in analyses. Images were then examined and 
graded according to the distinctiveness of the dolphin’s marks (following Slooten et al. 1992), 
as in Green (2003) and Webster & Rayment (2008). Individuals classified as category one had 
dorsal fins with very clear, deep and obvious marks that could be easily identified in the field. 
Category two contained individuals with less obvious marks that could still be easily identified 
from images. Dolphins in category three had subtle markings which were less obvious in the 
field but could be reliably identified from images. Lastly, category four consisted of individuals 
with marks considered too subtle to be reliably identified over multiple years (e.g. toothrakes), 
but potentially useful for the duration of the study. This study used categories one to three to 
calculate an abundance estimate to directly compare with previous studies. A second estimate 
using categories one to four was also calculated to investigate the effect of increasing the 
sample size. 
Discovery curves were created to show the cumulative number of naturally marked dolphins 
that had been identified throughout the study period. A discovery curve that reaches an 
asymptote suggests that most or all individuals in the population have been identified and the 
population may be considered ‘closed’ (Williams et al. 1993; Bejder & Dawson 2001). 
Conversely, if the curve fails to level off then this may indicate that individuals in the 
population are still being discovered, and/or the population may be considered ‘open’.  
 
2.2.3 Abundance estimation  
The abundance of naturally marked Hector’s dolphins using Porpoise Bay was estimated using 
Chapman’s version of the Lincoln-Petersen estimator (Seber 1982) and scaled up using data 
on the proportion of images with identifiable individuals, i.e. mark rate (following Bejder & 
Dawson 2001; Green 2003; Webster & Rayment 2008). Use of the Lincoln-Petersen estimator 
allows for direct comparison with abundance estimates from previous studies.  
Data were required to satisfy the key assumptions of the Lincoln-Petersen estimator (Hammond 
2009; Urian et al. 2015). Firstly, as in previous estimates of abundance of Hector’s dolphins in 
Porpoise Bay, the population was assumed to be ‘closed’. This assumption is supported by 
evidence from Bejder & Dawson (2001) and Green (2003) which suggests that all individuals 
were identified during their respective study periods (i.e. the discovery curve of marked 
individuals levelled off). Additionally, Hector’s dolphins elsewhere in New Zealand are known 





(Bräger & Bräger 2018) and are concentrated inshore at localised ‘hotspots’ over summer 
(Brough et al. 2019a). These characteristics reduced the chances of individuals entering or 
leaving the population. Secondly, this study was conducted over a relatively short period (seven 
weeks) which reduced the likelihood of dolphins losing marks (e.g. category four toothrakes 
healing; Slooten et al. 1992). This helped satisfy the assumption that marks are not lost and do 
not change. To meet the assumption that marks are accurately identified by the observer and 
minimise the chances of mismatching marks, strict photographic quality criteria were used 
when screening photographs to be used in analysis (see 2.2.2). Fieldwork was also restricted to 
a small spatial scale, thereby reducing the chances of multiple individuals having nearly 
identical marks. Random photography was used to help meet the assumption that every 
individual had the same probability of capture (see 2.2.1). Finally, it was assumed that there 
was no behavioural response from individuals during sampling (i.e. during surveys).  
The Lincoln-Petersen model requires the study period to be divided into a ‘mark’ and a 
‘recapture’ period. The first half of the study (12 surveys) was considered the ‘mark’ period, 
and the second half (13 surveys) as the ‘recapture’ period. The formula for estimating 
abundance is as follows: 
?̂? =
(






?̂? = estimated abundance of Hector’s dolphins using Porpoise Bay during summer 2020. 
𝑛1 = the number of identifiable individuals sighted during the ‘mark’ period. 
𝑛2 = the number of identifiable individuals sighted during the ‘recapture’ period. 
𝑚2 = the number of identifiable individuals sighted in both the ‘mark’ period and the  
‘recapture’ period. 
𝑀𝑅 = mark rate, i.e. the number of images with identifiable individuals divided by the total  
number of images. 
 
A 95% confidence interval around the abundance estimate was calculated using profile 
likelihoods (McCullagh & Nelder 1989), which incorporates uncertainty in the mark rate 





allows for a more precise estimate of the variance when almost all of the individuals in the 
second sample are ‘recaptures’ from the ‘mark’ period (Bejder & Dawson 2001). Furthermore, 
the resulting confidence interval is asymmetrical, which better represents the uncertainty 
associated with abundance estimates of small populations (Buckland et al. 1993). Additionally, 
a binomial 95% confidence interval was calculated around the estimate of mark rate (Zar 1996; 
p. 525). 
To investigate whether there has been a trend in the abundance of Hector’s dolphins using 
Porpoise Bay over time, two forms of regression analysis were used. This was done as there is 
some debate about whether weighted or unweighted regression is appropriate to use for these 
types of data (Fletcher & Dixon 2011). A linear regression was weighted in proportion to the 
precision of each abundance estimate using the inverse of each estimate’s variance (Barlow & 




2.3.1 Summary of fieldwork 
A total of 29 photo-ID surveys were attempted during the study period, four of which were 
abandoned due to poor weather conditions. This resulted in 25 photo-ID surveys, comprising 
38 hours and 36 minutes of survey effort. Hector’s dolphins were sighted in the bay on all but 
one survey (6th March). In total, 40 dolphin groups were encountered (mean group size = 7.66, 
range = 1-20; Table 2.1), typically at the southern end of the bay near Cook Creek (Fig. 2.2). 
Three new calves were sighted during the study period, with 55% of groups encountered 
containing at least one calf (n = 22). Although this study did not assess behavioural responses 
to the research vessel, many dolphin groups encountered were elusive after the initial approach. 
 
2.3.2 Estimate of abundance and mark rate 
A total of 374 high quality photographs were taken and used to estimate the abundance of 
Hector’s dolphins using Porpoise Bay during summer 2020. Fourteen marked individuals with 
category 1 to 4 marks were sighted. One dolphin was sighted with a category 1 mark, with the 






Figure 2.2.  Locations of Hector’s dolphin groups (n = 40) encountered on photo-ID surveys 
in Porpoise Bay, Southland, between January and March 2020. Blue circle markers indicate 
the initial sighting locations of Hector’s dolphin groups. 
 
The cumulative discovery curve showed that six out of seven (86%) individuals with category 
1-3 marks had been identified by the fifth survey, and all individuals had been discovered by 
the 11th survey (Fig. 2.4). This suggests that the population was effectively closed during the 
study period, and that after 12 surveys all identifiable animals with category 1-3 marks had 
been identified. With the addition of category 4 individuals, 78% (n = 11) of marked dolphins 
had been discovered by the sixth survey which was followed by a gradual increase in the 
number of marked individuals seen (Fig. 2.4).  
The number of days marked individuals were sighted varied from one to six times during the 
study period (Fig. 2.5). Marked Hector’s dolphins were most frequently sighted four times for 
both category 1-3 and category 1-4 individuals (Fig. 2.5). Three of the marked individuals had 
previously been identified in the abundance estimate conducted by Webster & Rayment (2008) 






Figure 2.4. Discovery curve of identifiable Hector’s dolphins in Porpoise Bay. The solid line 
represents dolphins with mark categories 1-4. The dashed line represents dolphins with mark 
categories 1-3. 
 
Figure 2.5. Number of times individual Hector’s dolphins were sighted in Porpoise Bay during 
summer 2020. Individuals with category 1-4 marks are shown in black. Individuals with 

























































Seven identifiable dolphins with category 1-3 marks were sighted during the ‘mark’ period, 
with five being seen again in the ‘recapture’ period. Using the Lincoln-Petersen estimator, the 
number of marked dolphins in the population was estimated as 7 individuals. Of the 374 images 
used in this analysis, 49 contained marked individuals, yielding a mark rate of 13.1% (95% CI 
= 9.9-16.9%). Therefore, the abundance of Hector’s dolphins using Porpoise Bay was 
estimated as 53 individuals (95% CI = 41-71; Table 2.1, Fig. 2.7). This estimate includes all 
age classes. 
Using mark categories 1-4, 12 individuals were sighted during the ‘mark’ period, 11 individuals 
were seen in the ‘recapture’ period, and 9 individuals had been re-sighted. A total of 99 images 
contained individuals with category 1-4 marks, which produced a mark rate of 26.5% (95% CI 
= 22.1-31.3%). This resulted in a slightly higher abundance estimate but a narrower 95% 
confidence interval (55 individuals, 95% CI = 45-64). 
 
Figure 2.6. Images of a Hector’s dolphin sighted in Porpoise Bay in 2008 (left) by Webster & 
Rayment (2008) and resighted in the present study in summer 2020 (right). Note that several 
additional marks have been gained in the intervening 12 years. The left image is an example of 








2.3.3 Comparison with previous research in Porpoise Bay 
The estimate of abundance calculated here (53 individuals, 95% CI = 41-71) is slightly higher 
than previous estimates (Table 2.1, Fig. 2.7). Weighted regression of estimated abundances 
from four study periods (i.e. 1996/97, 2002/03, 2008, 2020) showed no evidence of change in 
the abundance of Hector’s dolphins using Porpoise Bay since 1997 (F= 0.0042, p = 0.954). An 
unweighted linear regression also showed no evidence of a change (F = 1.666, p = 0.326). 
Additionally, the 95% confidence intervals here overlap completely with those from Webster 
& Rayment (2008) (46 individuals, 95% CI = 41-51) providing no evidence of significant 
change from the most recent estimate in 2008.  
Estimated mark rate in this study was notably lower than in previous research using individuals 
with category 1-3 marks (13.1%, 2020; Table 2.1). The difference in estimated mark rate 
between years was less pronounced when using category 1-4 individuals from the present study 
(36.9%, 1997; 46.8%, 2003; 33.1%, 2008; 26.5%, 2020). This suggests that there may be a 
decline in mark rate for the Hector’s dolphin population that uses Porpoise Bay.  
 
Table 2.1. Comparison of Hector’s dolphin survey statistics with previous research from 




 1995/96 1996/97 2001/02 2002/03 2008 2020 
No. of trips 44 35 39 62 18 29 
Mean no. of dolphins per group 11 ± 0.85 11.6 ± 0.89 6.5 ± 4.16 8 ± 5.45 14.2 ± 7.24 7.7 ± 4.73 
Median no. of dolphins per group 11 11 5 7 14 7 
Range 1-26. 1-26. 1-15. 1-23. 2-30. 1-20. 
New calves 4 0 2 3 3 3 
No. of IDs in catalogue 16 18 14 19 16 14 
No. re-identified from previous 
research 
- 12 8 14 7 3 
Mark rate (categories 1-3) - 36.9% 38.5% 46.8% 33.1% 13.1% 
Abundance estimate - 48 - 43 46 53 





Figure 2.7. Estimates of Hector’s dolphin abundance (± 95% CI) in Porpoise Bay during 
summer 1996/97 (Bejder & Dawson 2001), 2002/03 (Green 2003), 2008 (Webster & Rayment 








































This study provides an updated estimate of abundance for a small population of Hector’s 
dolphins that uses Porpoise Bay, Southland, during the austral summer. Using similar methods 
to previous studies (i.e. Bejder & Dawson 2001; Green 2003; Webster & Rayment 2008), it 
was estimated that 53 Hector’s dolphins (95% CI = 41-71) used Porpoise Bay during summer 
2020. This abundance estimate includes all age classes of the population (i.e. adults, juveniles, 
and calves).  
The results of weighted and unweighted regression analyses showed no evidence of a change 
in the abundance of Hector’s dolphins that use Porpoise Bay since 1997. This is despite 
additional fisheries restrictions and the establishment of the Catlins Coast Marine Mammal 
Sanctuary in 2008. Furthermore, there was no significant difference in abundance between the 
most recent assessment in 2008 (Webster & Rayment 2008) and this study. While it may appear 
that the population size has remained stable, a lack of monitoring and information on 
abundance during the intervening 12 years means that fluctuations in between studies cannot 
be ruled out. It should be noted that for small populations such as the one that uses Porpoise 
Bay, the power to detect changes in abundance tends to be very low (Taylor & Gerrodette 
1993), and the low reproductive rate of this species (Slooten & Lad 1991) indicates that any 
potential increase in population size will be slow. Detection of a decline in population size 
must not be a necessary criterion for enacting conservation measures, particularly for 
threatened species or vulnerable populations (Taylor & Gerrodette 1993). 
As small populations of coastal cetaceans (<100 animals) have been shown to have high 
extinction probabilities (e.g. Thompson et al. 2000; Slooten & Burkhart 2003), it is important 
that population monitoring strategies allow for timely detection of trends in abundance. Given 
that the number of Hector’s dolphins that use Porpoise Bay remains low, development of 
strategies to increase the likelihood of detecting changes in abundance should be considered 
(e.g. Taylor et al. 2007). For example, efforts could be made to improve the power of the 
monitoring program by increasing survey intensity or frequency (Gerrodette 1987). To date, 
only four population abundance assessments have been carried out over the last 25 years for 
the Hector’s dolphin population that uses Porpoise Bay. Increasing the frequency of these 
assessments, as well as the number of surveys carried out, would substantially improve the 
power to detect changes in population size. Moreover, this would improve researchers’ ability 





2.4.1 Validation of capture-recapture model assumptions 
This study used Chapman’s version of the Lincoln-Petersen closed population model to 
estimate the abundance of Hector’s dolphins that used Porpoise Bay during summer 2020. To 
assess the confidence in the abundance estimate produced here, the key assumptions of the 
model are discussed below. 
As only one new marked individual was identified between day 5 and 25, it is likely that all 
individuals with category 1-3 marks that used Porpoise Bay during the study period were 
photographically captured. Thus, the assumption of population closure (i.e. no births, deaths, 
emigration, or immigration) during the present study was likely satisfied. Moreover, earlier 
capture-recapture studies at Porpoise Bay produced discovery curves that levelled off, 
indicating temporary closure of the population (Bejder & Dawson 2001; Green 2003). It is 
noteworthy that the category 1-4 discovery curve in this study did not completely level off. 
This may mean that the abundance estimate presented here is conservative if all marked 
individuals were not captured. To address this uncertainty, future abundance estimates in 
Porpoise Bay would benefit from a greater number of photo-ID surveys, comparable to Bejder 
& Dawson (2001) and Green (2003). This would likely increase the probability of capturing 
all marked individuals in the population. Moreover, additional photo-ID surveys may also 
increase the number of photographs able to be used in analysis, thus producing a more precise 
estimate.  
Random photography was utilised in this study to minimise heterogeneity of capture 
probability, i.e. to satisfy the assumption that all individuals had an equal probability of being 
captured. It is possible that the evasive behaviour exhibited by some dolphin groups affected 
this assumption. Hector’s dolphins are generally considered boat positive, especially if the boat 
is travelling slowly (i.e. <10 knots; Slooten & Dawson 1988). When surveying within the 
bounds of Porpoise Bay in this study, the survey vessel was always travelling at speeds <5 
knots, in accordance with rule 14.2.5 of the Southland Regional Coastal Plan (Environment 
Southland 2013), and would typically have the engine turned off when a dolphin group came 
close. Despite this, many dolphin groups left the immediate vicinity of the vessel following the 
initial approach and sometimes it was not possible to take photographs that met the strict quality 
criteria. If some individuals were more attracted to the survey vessel than others, this may have 
resulted in a higher capture probability for those “trap happy” dolphins, and a lower capture 





biased low if some “trap shy” dolphins were disproportionately well-marked (Urian et al. 
2015). Some individuals in this study were indeed photographically ‘captured’ more often than 
others, which may indicate that capture probabilities were not equal among individuals.  
 
2.4.2 Mark categorisation and mark rate 
This study used the image quality and mark categorisation criteria described by Slooten et al. 
(1992), which have been used in capture-recapture studies of small, localised Hector’s dolphin 
populations. The mark rate calculated here (13.1%) is notably lower than those in previous 
estimates in Porpoise Bay (36.9%, Bejder & Dawson 2001; 46.8%, Green 2003; 33.1%, 
Webster & Rayment 2008) and off Otago (36%, Turek et al. 2013). At Banks Peninsula, a long-
term Hector’s dolphin monitoring project has been running since 1985 (e.g. Slooten & Dawson 
1988; Dawson et al. 2004; Gormley et al. 2005). Capture-recapture studies of this much larger 
population have also used the same criteria as Slooten et al. (1992). Wickman et al. (2021b) 
demonstrated a decline in mark rate in this population. The decline in mark rate correlates with 
increasing restrictions on gillnet and trawl fisheries, which are known to be the cause of some 
of the marks (Wickman et al. 2021b). It is possible that a lower incidence of encounters between 
Hector’s dolphins and fishing gear is also driving the decline in mark rate in the population that 
uses Porpoise Bay. Besides a reduction in fisheries interactions, the observed decline in mark 
rate may also be due to more young, unmarked dolphins surviving in the population, and or 
reduced predation events by sharks resulting in permanent marks (Wickman et al. 2021b). 
Alternatively, when assigning images to a mark category, variation among researchers studying 
the Porpoise Bay population may have influenced the resulting mark rate estimates (e.g. Urian 
et al. 2015). Further abundance estimates that expand to other areas within the Catlins coast 
population’s range, such as Toetoes Bay, may offer further insight into possible causes of mark 
rate decline. 
The inclusion of category four marks produced an abundance estimate of 55 individuals (95% 
CI = 45-64), similar to the estimate produced with category 1-3 marks (53 individuals, 95% CI 
= 41-71). The improved precision of the abundance estimate with category 1-4 individuals is 
due to a larger sample size (more images) for mark rate estimation, and thus a reduction in 
uncertainty. However, given that category four marks are temporary and very subtle, there is a 
greater chance of misidentification of individuals. Therefore, the abundance estimate using 





Mark rate in this study was calculated using a frequentist method that is standard among 
cetacean capture-recapture studies (e.g. Williams et al. 1993; Gormley et al. 2005). A recent 
alternative to this method is to use hierarchical Bayesian modelling (Eguchi 2014), which is 
now considered best practice for capture-recapture studies (Wickman et al. 2021a). The 
frequentist method assumes simple random sampling of individuals in the population to 
estimate mark rate and its associated uncertainty. As individual dolphins are usually 
encountered in groups, it is more appropriate to sample within groups, which the Bayesian 
approach does (Eguchi 2014; Wickman et al. 2021a). This study did not estimate mark rate 
using the Bayesian approach for two reasons. Firstly, to maximise comparability with previous 
studies, we used the same statistical methods (i.e. Chapman’s version of the Lincoln-Petersen 
estimator and profile likelihoods). Secondly, the Bayesian estimates of mark rate and its 
uncertainty were very similar to that obtained using the frequentist method in Wickman et al. 
(2021a). A key advantage of Bayesian estimates of abundance is the ability to calculate 
probability of change in population size over time, which may make findings more 
interpretable and informative to managers (e.g. Taylor & Gerrodette 1993; Gerrodette et al. 
2011). Future research should consider utilising a full Bayesian capture-recapture population 
model, such as that used by Turek et al. (2013) in Otago, to estimate the abundance and mark 
rate of Hector’s dolphins using Porpoise Bay.  
 
2.4.3 ‘Hotspot’ within the Catlins Coast Marine Mammal Sanctuary 
Individually marked dolphins were sighted on between one and six of the 25 photo-ID surveys 
in this study. This supports the idea that the Hector’s dolphins found in Porpoise Bay have 
different levels of residency throughout the summer (Bejder & Dawson 2001; Green 2003; 
Webster & Rayment 2008). Interestingly, three naturally marked Hector’s dolphins sighted in 
Porpoise Bay by Webster & Rayment (2008) were re-sighted in 2020. This appears to be further 
evidence of long-term site fidelity by at least some individuals in this population, which is 
consistent with findings by Green (2003) and Webster & Rayment (2008). The long-term site 
fidelity observed in some individuals in this population suggests that Porpoise Bay may be a 
consistent ‘hotspot’ in the distribution of the Catlins coast population.  
The locations of Hector’s dolphin sightings in Porpoise Bay during the photo-ID surveys in 
2020 appear to be very similar to previous studies. Most sightings in this study occurred in a 





(2018) found that areas with a high relative abundance of potential prey, sandy substrate, and 
shallow depths (12-22 m) were associated with long-term hotspots of Hector’s dolphin 
distribution. While no research on the ecological drivers of Hector’s dolphin distribution in 
Porpoise Bay has been undertaken to date, it is reasonable to assume that the distribution of 
dolphins is driven by foraging opportunities. This is supported by observations made by Green 
(2003) which suggested dolphins spend a high proportion of time ‘long-diving’ in the southern 
part of the bay. Future research should address this knowledge gap by investigating 
relationships between Hector’s dolphin distribution and prey distribution in Porpoise Bay using 
similar methods to Brough (2018) and Brough et al. (2019b).  
 
2.4.4 Study limitations 
A key difference between this study and previous research is that fewer photographs were taken 
for random photography in 2020, which resulted in larger confidence intervals than those 
estimates. Additionally, the number of photo-ID surveys conducted in this study (25) was 
considerably fewer than in 1996/97 (35, Bejder & Dawson 2001) and 2002/03 (62, Green 
2003), but more than in 2008 (18, Webster & Rayment 2008). While a relatively precise 
estimate of abundance was calculated using the data in this study, future studies would greatly 
benefit from more sampling effort. This may be difficult, however, given the variable weather 
that Porpoise Bay experiences.  
 
2.4.5 Implications of abundance estimate 
Recent research suggests that the current number of Hector’s dolphins around the South Island 
is 30-50% of what it was in the 1970s (Baker et al. 2019; Slooten & Dawson 2020). The IUCN 
has listed the Hector’s dolphin as ‘Endangered’ based on this greater than 50% decline over 
the last three generations (approximately 39 years, Reeves et al. 2013). The primary cause of 
this decline is attributed to bycatch in gillnet and trawl fisheries, which operate throughout the 
dolphins’ range (Dawson 1991; Slooten et al. 2000; Hamner et al. 2012). As a result of this 
decline, fragmentation and potential loss of genetic connectivity has been observed at the local 
population scale (Pichler 2002; Hamner et al. 2012). Local populations of Hector’s dolphins 
are connected by gene flow only with immediately adjacent populations (Pichler 2002; Hamner 





connectivity between regional populations. The population-level effects of such isolation may 
include reduced adaptive potential to changing environmental conditions and likelihood of 
long-term persistence (Hamner et al. 2012).  
It is well established that small populations are more vulnerable to the deleterious effects of 
demographic, genetic, and environmental stochasticity, and are at greater risk of extinction than 
large populations (Allendorf 1986; Shaffer 1987; Frankham 1995). There are several key 
reasons why this may be. Demographic effects associated with the small size of a population 
can potentially compromise the reproductive fitness (i.e. the ability to pass on genes over 
several generations) and survival of at least some individuals (Goodman 1987; Nunney & 
Campbell 1993; Caughley 1994). For example, reduced cooperative foraging opportunities, 
and/or a lack of group protection against predators due to low population abundance or density 
can impact mean individual fitness in a population (known as Allee effects) (Courchamp et al. 
1999). Additionally, if a population’s sex-ratio becomes skewed, individuals may be unable to 
find mates which may reduce the chances of reproducing. Nelson et al. (2002) observed a 
strong male-biased sex ratio in a small, genetically isolated population of tuatara (Sphenodon 
guntheri) on North Brother Island, New Zealand. They concluded that the disproportionately 
low number of reproductive female tuatara may be small enough to compromise the viability 
of the population in the long-term (Nelson et al. 2002). Hamner et al. (2012) found no evidence 
of a skewed sex ratio for the Catlins coast Hector’s dolphin population based on biopsied 
individuals in Toetoes Bay. However, this may be an artifact of the small sample size (n = 8, 
Hamner et al. 2012). Demographic stochasticity in reproductive rate and calf survival have 
been demonstrated in a similarly sized bottlenose dolphin (Tursiops truncatus) population in 
Doubtful Sound (Henderson et al. 2014; Brough et al. 2016). As demography is known to play 
a key role in the persistence of small populations, improving our knowledge of the demography 
of the Catlins coast population should be considered in future studies.  
Small populations are also vulnerable to environmental fluctuations in resource availability, 
interspecific competition, predation, or catastrophic events (Frankham 1995). Such 
environmental pressures will likely affect the dynamics and viability of small populations of 
cetaceans (e.g. Pérez-Jorge et al. 2016). This is particularly concerning given the rapidly 
changing climate and oceanographic conditions in New Zealand and globally (Law et al. 2018; 
IPCC 2019). In other species, environmental pressures have been directly linked to 
considerable variation of key population-level parameters such as annual birth and death rates 





accumulation of mildly deleterious mutations, inbreeding depression, and the loss of genetic 
variation via genetic drift can reduce the ability of a population to adapt to a rapidly changing 
environment (Allendorf 1986; Frankham 1995). To remedy this, Hamner et al. (2012) 
suggested that protecting corridors for individuals dispersing between local populations of 
Hector’s dolphins could enhance gene flow and adaptive potential of small populations. 
Remnant populations of Hector’s dolphins that exist between the Catlins coast and Te Waewae 
Bay populations are poorly understood (e.g. near Riverton, Southland, McGrath 2020). This 
corridor is likely crucial for facilitating gene flow between south coast populations and 
maintaining genetic connectivity. Further, observations of Hector’s dolphins by the public and 
Department of Conservation have been reported along the coastline between Porpoise Bay and 
Otago (e.g. near Papatowai beach and Clutha river mouth, DOC Māui and Hector’s dolphin 
sighting database 2020). These Hector’s dolphin subpopulations are also likely to be crucial 
for inter-regional gene flow between the south coast and east coast subpopulations. Therefore, 
future research that improves our understanding of these corridor populations should be 
considered, as well as precautionary protection measures to ensure local extinctions do not 
occur in the short-term. 
Given the increased risk of extinction that small populations face, it is imperative that 
management decisions aim to maximise the likelihood of long-term persistence. As a rule-of-
thumb, it has been argued that populations need at least 50 individuals to avoid inbreeding 
depression, or >500 individuals to be genetically viable in the long-term (Franklin 1980). A 
long-term census study of bighorn sheep (Ovis canadensis) over 50 years provides evidence 
that, at least for some species, populations with <50 individuals are more likely to go extinct 
compared to larger populations with >100 animals (Berger 1990). More recent research 
estimates that population sizes of >5000 individuals are needed to be viable in the long-term 
(Traill et al. 2010). Unsurprisingly, estimates of minimum viable population size are highly 
variable depending on the species, life-history characteristics, available data, and models used 
(Traill et al. 2010). The low abundance shown by the present study should raise concerns about 
the long-term viability of the population that uses Porpoise Bay. Moreover, research on the 
similar sized Māui dolphin population (N = 54 individuals, 95% CI = 48 - 66; Constantine et 
al. 2021) suggests that even very low levels of human-induced mortality would negate Māui 
dolphins’ recovery and threaten their long-term persistence (Slooten & Dawson 2020). It is 





determining human-induced mortality limits specifically for the Catlins coast population has 
not been undertaken.  
 
2.4.6 Conclusions 
The results from this study suggest that the Hector’s dolphin population that uses Porpoise Bay 
during the austral summer remains small. That small populations inherently have a high risk of 
extinction should justify a precautionary approach to management of key threats. In addition, 
the frequency and intensity of monitoring of Hector’s dolphins in Porpoise Bay should be 
considered. This would likely improve the ability of researchers to detect trends in population 





















Chapter 3 – Investigating the potential effects of recreational 
swimmers on Hector’s dolphins in Porpoise Bay, Southland, 
during summer 2019/20. 
 
3.1 INTRODUCTION 
Globally, the demand for close encounters with whales, dolphins, and porpoises in the wild 
(hereafter referred to as ‘cetacean tourism’) has increased significantly in recent decades 
(O’Connor et al. 2009; Hoyt 2018). In part, the growing demand for these encounters has been 
driven by the belief that intimate experiences with cetaceans can improve physical and 
‘spiritual’ well-being (Demares 2000; Curtin 2006; Yerbury et al. 2017). For example, people 
participating in cetacean tourism activities, such as swimming with dolphins, may experience 
enjoyment or emotional release (Cochrane & Callen 1992; Cloke & Perkins 2005), or believe 
they have had a reduction in stress or mental illness (Antonioli & Reveley 2005). Other benefits 
are more tangible, occurring via improved livelihoods in coastal communities and opportunities 
for education and research (Hoyt 2018). However, an ever-growing body of evidence indicates 
that cetacean tourism can have detrimental effects on target populations in some circumstances 
(e.g. Bejder et al. 2006; Tyne et al. 2017; Machernis et al. 2018).  
Swim-with-dolphin tourism is broadly defined as any activity or interaction between a human 
swimmer(s) in the water and a dolphin(s) (Machernis et al. 2018). Short-term behavioural 
responses to swimmer presence have been documented in several coastal dolphin species, such 
as bottlenose (Tursiops truncatus) (e.g. Constantine 2001), dusky (Lagenorhynchus obscurus) 
(e.g. Yin 1999), spinner (Stenella longirostris) (e.g. Courbis & Timmel 2009), and Hector’s 
dolphins (Cephalorhynchus hectori hectori) (e.g. Bejder et al. 1999; Green 2003; Martinez et 
al. 2010). Observed short-term responses to swimmers include changes to behavioural budgets 
(e.g. Martinez et al. 2010), group cohesion (e.g. Green 2003), and directional movement 
patterns (e.g. Stensland & Berggren 2007). For cetacean tourism in general, the cumulative 
impacts of short-term behavioural changes on dolphin populations are much harder to 
document (e.g. Bejder et al. 2006). Some studies, however, suggest that short-term changes to 
behavioural patterns have the potential to alter long-term survival and reproduction at the 





Most studies assessing the effects of swim-with-dolphin tourism are associated with swimmers 
targeting dolphins from commercial or recreational vessels (Machernis et al. 2018). Much less 
is known about the potential effects of opportunistic interactions between shore-based 
recreational swimmers and non-food-provisioned dolphins (e.g. Timmel et al. 2008; Fandel et 
al. 2015; Tyne et al. 2018). Addressing this knowledge gap may have important conservation 
outcomes. In addition, research indicates that lack of compliance with guidelines and 
regulations may be impeding attempts to reduce impacts on wildlife populations more 
generally (e.g. Filby et al. 2015; Richards et al. 2015; Hooper et al. 2021). Thus, there is a need 
to assess compliance with cetacean tourism guidelines and regulations. The knowledge gained 
could be used to design measures that apply to the public in areas where cetacean tourism is 
unregulated (Fumagalli et al. 2021) or to improve existing regulations and local guidelines.  
For studies assessing the effects of tourism on cetaceans, two options for research platforms 
are typically considered; land-based theodolite tracking (e.g. Barr & Slooten 1999; Martinez 
2010; Lundquist et al. 2012) and boat-based observations (e.g. Lusseau 2003b; Guerra et al. 
2014). Land-based theodolite tracking is a well-established technique that has been used to 
examine the effects of human activities on cetaceans since the 1970s (Würsig et al. 1991). A 
theodolite is a surveyor’s instrument designed to simultaneously measure gravity-referenced 
vertical angles relative to the zenith (i.e. the position directly above the theodolite), and 
horizontal angles relative to an object of known location and bearing from the theodolite (see 
Würsig et al. 1991; Piwetz et al. 2018 for reviews). With knowledge of theodolite station 
parameters, including geographic position, elevation, horizontal reference azimuth and tidal 
fluctuations, geographic locations of objects on the surface of the water can be calculated using 
the recorded angles from a theodolite ‘fix’ (Lerczak & Hobbs 1997). The software Pythagoras 
can be used to calculate latitude and longitude of fixes, and allows input of associated relevant 
observations (e.g. fix type, behaviour, species, group size). Additionally, it allows calculation 
of distances and angles between concurrent tracks (e.g. between swimmers and dolphins) 
(Gailey & Ortega-Ortiz 2000).  
Land-based theodolite tracking may be preferred over boat-based observations in cetacean 
tourism studies for several reasons. Importantly, use of a theodolite allows the behaviour and 
fine-scale movements of dolphins close to shore to be observed without disturbance (Würsig 
et al. 1991; Barr & Slooten 1999). In addition, the tourism activity is less likely to be influenced 
than if a research vessel was nearby (Markowitz et al. 2011). For these reasons, and its lower 





(e.g. in Porpoise Bay, Bejder et al. 1999; Green 2003; in Timaru, Travis 2008; at Banks 
Peninsula, Martinez 2010). 
 
3.1.1 Previous research on the effects of tourism in Porpoise Bay 
Hector’s dolphins are particularly vulnerable to anthropogenic impacts, such as tourism (e.g. 
Bejder et al. 1999; Stone & Yoshinaga 2001; Nichols et al. 2001; Green 2003; Travis 2008; 
Martinez et al. 2010, 2012), due to their high site fidelity and near-shore distribution (Slooten 
et al. 2000; Rayment et al. 2009a; Slooten 2013). The potential effects of tourism on Hector’s 
dolphins using Porpoise Bay, Southland, were first investigated via land-based theodolite 
tracking during the austral summers of 1995-1997 (Bejder et al. 1999) and later in 2001-2003 
(Green 2003). Short-term behavioural responses observed during these studies were not 
deemed to be having a serious impact on the Hector’s dolphin population using Porpoise Bay 
at the time. However, the observed and predicted increase in visitor activity (i.e. number of 
tourists) in the bay was cause for concern (Green 2003) and has prompted the present study.  
In addition to documenting Hector’s dolphins’ short-term behavioural responses to swimmers, 
this study sought to evaluate swimmer compliance with management guidelines in Porpoise 
Bay. These were the ‘enter the water at least 50 m away from dolphins’ guideline and section 
20(b) of the Marine Mammals Protection Regulations (MMPR 1992) which states that 
swimmers may not swim with dolphin groups containing calves. By investigating the efficacy 
of current management guidelines, key information could be gained to help guide future 
management strategies. Furthermore, this study quantified daily and monthly trends in visitor 
activity in Porpoise Bay during summer 2019/20. This information facilitates comparison with 
previous research (i.e. Green 2003) and provides insight into potential overlaps in use of the 
bay by swimmers and dolphins.  
To facilitate comparisons with previous research, this study used similar methods to Bejder et 
al. (1999) and Green (2003) to investigate the short-term behavioural responses of Hector’s 
dolphins to recreational swimmers in Porpoise Bay during summer 2019/20. Currently, no 
commercial dolphin-watching tourism operations exist in Porpoise Bay as the most recent 
operator’s permit was revoked at the end of summer 2001/2002 for non-compliance reasons 
(Green 2003). Due to a lack of observations of vessels within the bounds of Porpoise Bay in 





3.1.2 Study aims 
The aims of this study were to: 
• Investigate short-term behavioural responses of Hector’s dolphins to recreational 
swimmers using land-based theodolite tracking and compare results to previous 
research conducted during the summers of 1995-97 (Bejder et al. 1999) and 2001-03 
(Green 2003). 
• Assess the level of swimmer compliance with management guidelines in Porpoise Bay 
during summer 2019/20. 




Figure 3.1. Map of the effective study area (grey shaded area) in Porpoise Bay, Southland. 
Fixes (locations) of dolphins and swimmers were taken from a theodolite station on South Head 
(green marker) overlooking Porpoise Bay. The blue shaded area indicates the area out-of-view 






3.2.1 Survey site 
Land-based observations were made from a theodolite station situated on South Head 
overlooking Porpoise Bay (46°39'45.97344" S, 169°06'22.53132" E, elevation 21.11 m; Fig. 
3.1) between December 2019 and March 2020. The position of the theodolite station was as 
close as possible to that used in previous research (Green 2003) and provided the largest field-
of-view of the bay. A small area below South Head was out of the field-of-view of the 
theodolite station (Fig. 3.1). The theodolite station’s elevation was measured relative to New 
Zealand Vertical Datum 2016. Observation effort was spread as evenly as possible between 
three time of day periods: morning (06:00 – 10:00), mid-day (10:00 – 14:00), and afternoon 
(14:00 – 18:00). Tracking sessions were restricted to Beaufort sea states of 2 or less, no rain 
and no mist/fog. 
The theodolite used was a Trimble M3 DR 5” (30X telescope) total station (Fig. 3.2). The 
location and elevation of the theodolite station was determined using a Trimble R10 RTK 
GNSS unit. Fixes were corrected for tidal height using National Institute of Water and 
Atmosphere’s (NIWA) Tide Forecaster tool at 30-minute intervals (Goring 2001).  
 
3.2.2 Sampling methods 
Several metrics of dolphin behaviour, including dolphin group directionality, cohesion, and 
behavioural budgets, were assessed in the presence and absence of recreational swimmers. 
Swimmer-dolphin interactions were also assessed to investigate whether dolphin groups 
showed potential avoidance behaviour (i.e. horizontal spatial avoidance).  
Data collection typically involved two observers: a theodolite operator and an observer 
responsible for data-entry into a Dell XPS 13 laptop running the tracking software Pythagoras 
version 1.2.15 (Gailey & Ortega-Ortiz 2000). Consistency in survey method was achieved by 
using the same theodolite operator (the author) for the duration of the study. Time on the 
theodolite and computer were synchronised at the beginning of each session to ensure that data 
were correctly converted. The theodolite station used in this study was incompatible with the 
Dell XPS 13 laptop and was therefore unable to provide a live feed of swimmer-dolphin tracks. 
Angles stored on the theodolite were combined with fix information from Pythagoras to 





Figure 3.2. Image of the theodolite station setup used on South Head overlooking Porpoise 
Bay during summer 2019/20.  
 
At the beginning of each tracking session, the bay was scanned by observers with 7x and 8x 
magnification binoculars to locate the largest group of dolphins. Dolphins were considered to 
be part of the same group if they were in close proximity to each other and engaged in similar 
activities (Constantine et al. 2004; Rayment et al. 2009b). When found, this group was tracked 
using focal group sampling (Martin & Bateson 1993). Fixes were taken from the centre of the 
group approximately every 60 seconds (e.g. Bejder et al. 1999; Green 2003). If the dolphins in 
the focal group surfaced at different times, the theodolite operator would pause to determine 
where all the individuals in the group were prior to recording a fix (e.g. Piwetz et al. 2021). 
The focal group was tracked until the end of the observation period, or until the group was lost, 
at which point the largest group in the bay was found and tracked.  
Characteristics of the focal dolphin group were evaluated at the beginning of each group follow. 
Data were recorded with the initial fix of each focal follow and noted thereafter every time they 
changed. These data included estimated group size, number of calves present, group cohesion 





calves as in research conducted by Martinez et al. (2010) at Banks Peninsula. That is, a calf is 
an individual approximately 50% or less than the size of an adult and consistently observed in 
association with an adult, presumed to be the mother (Fertl 1994). Relative cohesion of the 
focal group was based on Bejder et al. (1999) and Green (2003). The definitions of group 
cohesion states used in this study are as follows:  
 State 1: dolphins on average 0-2 dolphin body lengths apart. 
 State 2: dolphins on average >2-5 dolphin body lengths apart. 
 State 3: dolphins on average >5-10 dolphin body lengths apart. 
 State 4: dolphins on average >10 dolphin body lengths apart. 
When underwater, the dolphins’ behavioural states could not be observed. Therefore, 
behavioural states were inferred by behaviour observed at the surface. Definitions of 
behavioural states are derived from previous studies of Hector’s dolphins and allow for 
comparison with previous research in Porpoise Bay (Table 3.1).  
During tracking sessions, “swimmers” (defined as unaided swimmers, body boarders, surfers, 
paddleboarders, and non-powered watercraft) that came within approximately 200 m of the 
focal dolphin group were also tracked via theodolite. The approximate distance between 
swimmers and dolphins was estimated by observers. Later assessment of interpolated distances 
between swimmers and dolphins in Pythagoras allowed tracks to be validated. Tracks with 
interpolated distances between swimmers and dolphins >200 m were discarded. 
Dolphin tracks were classified as being in either ‘control’ or ‘impact’ situations, based on the 
presence or absence of swimmers. ‘Impact’ situations were defined as any time when 
swimmers came within 200 m of the focal dolphin group. ‘Control’ situations were defined as 
times when swimmers had been absent (i.e. >200 m away from the focal dolphin group) for at 
least 20 minutes. Swimmers were part of the same group if multiple individuals were observed 
for an extended period within close proximity of each other (<10 m). The 200 m threshold was 
used to allow for direct comparison with Bejder et al. (1999) and Green (2003). 
 
In ‘impact’ situations, fixes were taken alternately of swimmers and the closest dolphin in the 
focal group (Fig. 3.3). For each swimmer fix, the swimmer type and estimated group size were 





fixes were taken alternately between each swimmer group and the dolphins; e.g. swimmer 
group 1, dolphins, swimmer group 2, dolphins, swimmer group 1, dolphins, and so on. In some 
instances, tracking was temporarily stopped if swimmer groups became indistinguishable from 
one another. All maps in this chapter were produced using ArcGIS Desktop version 10.7.1 
(ESRI; Environmental Systems Research Institute, Redlands, California, USA). 
 
 
Table 3.1. Definitions of behavioural states of Hector’s dolphins (Cephalorhynchus hectori 
hectori) in Porpoise Bay (adapted from Slooten 1994, Green 2003, and Martinez 2010). 
Behavioural state Definition 
Long-diving The direction of the focal dolphin group’s movement varies. Dolphins 
are observed diving for extended periods (often >1 minute) and may 
be seen arching their backs at the surface before diving.  
Milling The focal dolphin group exhibits non-directional movement. 
Individuals within a group may be swimming in different directions 
but typically remain in the same group over time. Dives tend to be 
short (<20 seconds).    
Socialising Individuals within the focal dolphin group are observed engaging in 
behaviour including jumps (vertical jumping or side flopping), lob 
tailing (slapping the water with lower body and tail), surfing, chasing, 
or engaging in other physical contact. Behaviours may be directed 
towards other dolphins or swimmers. 
Travelling The focal dolphin group exhibits persistent, directional movement. 
Dive intervals are short (<20 seconds) and active surfacing (breaking 







Figure 3.3. An example of a swimmer-dolphin interaction track based on theodolite readings 
at Porpoise Bay, Southland, in March 2020. A group of two ‘unaided’ swimmers entered the 
water from the beach within 50 m of the focal dolphin group. Initial interpolated dolphin 
orientations in relation to swimmers were ‘equivocal’ (neither towards or away) and ‘towards’, 
followed by several ‘away’ headings as the dolphins left the immediate vicinity of swimmers.  
 
3.2.3 Data preparation 
Data were scrutinised and prepared to ensure consistency among dolphin and swimmer tracks. 
Consecutive fixes are inevitably autocorrelated, so data were thinned to a maximum of one 
dolphin fix per minute (Green 2003). Only tracks longer than five minutes were included in 
analyses (unless dolphins moved >200 m away from swimmers within two minutes and were 
subsequently lost; i.e. an ‘avoidance’ response, see 3.2.4). Once swimmers were no longer 
present (i.e. >200 m away), dolphin groups could not be expected to return immediately to pre-
impact behaviour. Therefore, fixes taken up to 20 minutes after all swimmers had left the 200 





3.2.4 Classification of swimmer-dolphin interactions 
To assess potential changes in dolphin behaviour in the presence of swimmers (defined as 
situations when swimmers came within 200 m of dolphins), swimmer-dolphin interactions 
were classified into three categories. These were: a) ‘avoidance’ – when dolphins moved >200 
m away from the swimmer group within two minutes, b) ‘potential avoidance’ – when dolphins 
moved >200 m away within five minutes, and c) ‘neutral’ – when dolphins stayed within 200 
m for at least five minutes. These definitions are based on those used by Bejder et al. (1999) 
and Green (2003) with the difference being that interactions where swimmers were not 
observed entering the water were also considered, as some swimmers (e.g. kayakers) entered 
the water out of sight, or initial ‘entering water’ fixes were missed. 
 
3.2.5 Dolphin group directional responses to swimmers 
Pythagoras was used to analyse the movement of the focal dolphin group when in the presence 
of swimmers. Dolphin orientation in relation to swimmers was determined by calculating the 
angle of each “leg” of dolphin movement (i.e. two consecutive dolphin fixes) relative to 
swimmer groups within 200 m (Fig. 3.4). As the theodolite could only take fixes of one target 
at a time, interpolation of dolphin group tracks and swimmer group tracks was required. This 
method allowed for differences in time intervals between dolphin and swimmer fixes. 
Pythagoras only interpolated dolphin group orientation when consecutive fixes were within a 
‘critical time’. In accordance with previous research, a critical time of 180 seconds was chosen 
(Green 2003). This was a compromise between ensuring that the same dolphin group was being 
tracked while avoiding problems associated with non-linear movements (Yin, 1999). Dolphin 
orientations relative to swimmers were classified into one of four quadrants (i.e. towards, 
equivocal, or away; Fig. 3.5). If dolphin movement relative to a swimmer group was random, 
the expected proportion of orientations for each of the quadrants in Figure 3.5 would therefore 
be 0.25 (Bejder et al. 1999). 
Dolphin directional responses to swimmers were analysed using Generalised Linear Mixed 
Models (GLMM, Bolker et al. 2009) using a binomial distribution in the statistical software R 
version 4.0.0 (R Development Core Team 2020). GLMMs were chosen as they can account for 
repeated measures of a given dolphin group in relation to multiple swimmer groups. Two sets 
of models were fit to data to investigate whether the probability of dolphin groups heading (1) 





approach complements previous research which used logistic regression models only to 
investigate the probability of dolphins heading ‘towards’ swimmers over the duration of an 
encounter (Bejder et al. 1999; Green 2003). Analysing the probability of dolphins heading 
‘away’ from swimmers meant that potential avoidance responses could also be assessed in 
addition to potential attraction responses from ‘towards’ models. Model assumptions were 
checked and validated using the R package DHARMa (Hartig 2020).  
In this analysis, every data point included a binary response variable (i.e. the interpolated 
heading of dolphins relative to the closest group of swimmers). For example, for the GLMM 
investigating the probability of dolphins heading ‘towards’ swimmers, the response variable 
would be coded as a ‘1’ for a towards heading, or a ‘0’ for an equivocal or away heading, for 
each data point. The following continuous explanatory variables were included for each data 
point: dolphin group size, swimmer group size, interpolated distance between dolphins and 
swimmers (metres), and time into encounter (minutes). Additionally, the presence or absence 
of calves in the group was included as a categorical explanatory variable. As repeated measures 
of dolphin groups in relation to multiple swimmer groups occurred, a random effect of ‘dolphin 
group ID’ was included in the models, therefore accounting for autocorrelation. Competing 
models were ranked based on Akaike’s Information Criterion (AICc) in the R package 
‘MuMin’ (Barton 2018) and the best one identified based on the lowest score (Akaike 1973; 
Burnham et al. 2011). As some tracks used in this analysis had relatively few data points, AICc 
scores were used rather than traditional AIC scores as they are designed to deal with small 
sample sizes (Symonds & Moussali 2011).  
Model averaging was performed to assess the relative importance and accuracy of each 
explanatory variable on the response variables (Bolker et al. 2009). Instead of relying on the 
best model for parameter estimates of the explanatory variables, coefficients were averaged 
across all models that contributed at least some weight (>1%) (Burnham & Anderson 2002). 
The effect of a model averaged parameter was considered significant if the 95% confidence 








Figure 3.4. An example of how dolphin orientations were classified into ‘towards’, ‘equivocal’ 
or ‘away’ from swimmers in Pythagoras. The number in the brackets indicates the order of 
fixes taken from theodolite station on South Head. The orange dashed lines indicate estimated 









Figure 3.5. Classification of the focal dolphin group’s orientation with respect to swimmers 
(adapted from Bejder et al. 1999 and Green 2003). Assuming that dolphin group orientation 
was random with respect to swimmers, the expected probability of dolphins heading either 





3.2.6 Dolphin group cohesion and behavioural budgets in response to swimmers  
Due to the nature of focal follow data, consecutive fixes (i.e. data points) in each dolphin group 
track are inherently autocorrelated. Thus, prior to analysis of dolphin group cohesion and 
behavioural budgets, exploratory analysis of track data was performed to determine the 
appropriate time at which data points were likely to be functionally independent, using similar 
methods to Karniski et al. (2015). Within each dolphin track, the behavioural state associated 
with each data point was compared to subsequent data points (e.g. a time shift of 1 minute 
away, 2 minutes away, 3 minutes away, until 120 minutes) for a total of 34,494 minute-to-
minute comparisons. For each unique point-to-point comparison a ‘1’ was coded if behavioural 
states were the same, and ‘0’ if they were different. A Generalised Linear Model (GLM) with 
a binomial distribution was used to model the effect of time shift on the probability of two data 
points having identical behavioural states. A piecewise function with two components was then 
used to estimate the optimal breakpoint of the GLM (i.e. the time shift at which the probability 
of identical behavioural states changes) using the R package ‘segmented’ (Muggeo 2008). The 
optimal breakpoint was estimated to be 5.6 minutes at which point there was a 67% chance that 
two data points would be the same (as calculated from the raw data, see Appendix A). As the 
models used here did not account for repeated measures of dolphin groups, it was decided that 
a conservative approach be used whereby sub-sampling of cohesion and behavioural states 
would occur at intervals of at least 10 minutes within tracks, rather than 6-minute intervals, to 
further reduce dependency of data points.   
Potential differences in the proportion of time dolphins spent in each cohesion state and each 
behavioural state, for control (i.e. no swimmers within 200 m of the focal dolphin group for at 
least 20 minutes) and impact (i.e. swimmers within 200 m of the focal group) situations, were 
investigated. The proportion of fixes that dolphins were observed in a particular state was 
treated as a proxy for proportion of time. To simplify the analytical design and allow for 
comparison with Green (2003), cohesion states 1 and 2 were pooled and defined as ‘tight’. 
Cohesion states 3 and 4 were also pooled and defined as a ‘dispersed’ state. To test whether 
swimmer presence affected the proportion of time dolphins spent in each cohesion state or each 
behavioural state, two-sided Z-tests of proportions were performed in R. These tests compared 
the proportion of time dolphins were observed in each state in control situations to its 
corresponding proportion in impact situations and calculated 95% confidence intervals. Data 





3.2.7 Swimmer compliance with management guidelines 
The level of swimmer compliance with management guidelines in Porpoise Bay during 
summer 2019/20 was assessed. Compliance with the local guideline of ‘enter water at least 50 
m away from dolphin groups’ specific to Porpoise Bay was investigated. For the swimmer-
dolphin interactions that were observed in this study, the initial estimated distance between the 
focal dolphin group and swimmer group for each track was classified as being ‘<50 m’, ’50 – 
100 m’, ‘101 – 150 m’ and ‘151 – 200 m’. The relative proportion of tracks in each ‘initial 
distance’ category was then calculated. Additionally, the initial distances between swimmers 
and dolphins were presented in a box-and-whisker plot. 
Compliance with New Zealand’s Marine Mammals Protection Regulations (MMPR 1992) was 
also investigated. Under the MMPR, swimming with dolphin groups containing juveniles 
(hereafter referred to as a ‘calf’ or ‘calves’) is prohibited. Specifically, section 20(b) states 
“persons may swim with dolphins… but not with calves or a pod of dolphins that includes 
calves”. To investigate swimmer compliance with section 20(b) of the MMPR, the relative 
proportion of swimmer-dolphin interactions that contained calves was calculated. It should be 
noted that this proportion only reflects interactions that were observed. 
 
3.2.8 Relative visitor activity at Porpoise Bay during summer 2019/20 
To quantify the relative number of visitors at Porpoise Bay during summer 2019/20, similar 
methods to Green (2003) were employed. While conducting land-based fieldwork from the 
theodolite station, the number of people on the beach and in the water every hour on the hour 
were recorded in Pythagoras. In contrast, visitor numbers were recorded by a Department of 
Conservation ranger on the hour between 10:00 am – 5:00 pm each day in Green (2003). While 
data on the number of visitors at Porpoise Bay are not as comprehensive in this study, they do 
provide a general indication of visitor activity.  
Visitor activity was investigated in three ways in this study. Firstly, the mean number of people 
on the beach and in the water on the hour between 7:00 am – 6:00 pm was calculated and 
plotted. Second, data between 10:00 am – 5:00 pm were pooled and the mean number of people 
on the beach and in the water were calculated and plotted for January, February, and March. 
December was excluded due to paucity of data. Finally, the relative proportion of swimmer 






3.3.1 Summary of theodolite tracking  
Land-based fieldwork was conducted on four days during December 2019 and 40 days between 
January 14th and March 18th 2020. A total of 125 hours and 25 minutes of observations were 
undertaken from the theodolite station, with the number of hours of observation increasing each 
month from December to March (Fig. 3.6). Tracking sessions lasted 2 hours and 14 minutes 
on average. Observation effort was similar between the morning and mid-day session 
categories; however, fewer hours of observation were undertaken in the afternoon session 
category (Fig. 3.7) primarily due to boat-based fieldwork commitments and deteriorating 
weather conditions as the day progressed. Fifty-four tracking sessions were undertaken, with 
dolphins sighted during all but five of these. 
Dolphin groups were successfully tracked for a total of 52 hrs and 59 mins of observation time. 
After data preparation, 48 dolphin group tracks in impact situations and 59 dolphin group tracks 
in control situations were considered for further analyses. Dolphins were observed in impact 
situations for 28 hours and 54 minutes (55% of observation time) and in control situations for 
24 hours and 5 minutes (45% of observation time) (Table 3.2). The 48 dolphin groups in impact 
situations were tracked in relation to a total of 107 swimmer groups to investigate the relative 
proportion of interactions where dolphins displayed avoidance, potential avoidance, and 
neutral reactions to swim-with attempts (Table 3.3). This resulted in 2023 fixes of swimmers 
and dolphins (1.20 fixes per minute). The mean length of observed swimmer-dolphin 
interactions was 17 minutes and 50 seconds.  
 
3.3.2 Swimmer-dolphin interactions 
Dolphin groups displayed neutral reactions in 89% of observed swimmer-dolphin interactions 
(n = 95), potential avoidance in 7% of interactions (n = 8), and avoidance reactions in 4% of 
interactions (n = 4) (Table 3.3). Dolphins showed the greatest number of avoidance and 
potential avoidance reactions to unaided swimmers (n = 5) compared to other swimmer types 
(Table 3.3). The median swimmer group size was two individuals (range = 1-10). The median 






Figure 3.6. Total hours of theodolite observation in Porpoise Bay during December 2019, 
January, February, and March 2020.  
 
Figure 3.7. Total hours of theodolite observation in Porpoise Bay for each time-of-day 
category during December 2019, January, February, and March 2020. 06:00-10:00 represents 
the ‘morning’ category, 10:00 – 14:00 represents the ‘mid-day’ category, and 14:00 – 18:00 
















































Table 3.2. Summary of land-based theodolite tracking of Hector’s dolphins in Porpoise Bay, 
Southland, between December 2019, and March 2020. Time in ‘control’ and ‘impact’ refers to 
the total length (i.e. time) of dolphin tracks that met the criteria to be included in analyses 
(control, n = 59 tracks; impact, n = 48 tracks), i.e. tracks had to be longer than five minutes 
(unless dolphins moved >200 m away from swimmers within two minutes and were 
subsequently lost; see 3.2.4). Proportion of time dolphins were observed in ‘control’ or 
‘impact’ situations is given in brackets.  
Month Tracking sessions Time in control Time in impact Total time 
December 4 1hr 40m (28%) 4hr 19m (72%) 5hr 59m 
January 13 4hr 23m (33%) 9hr 0m (67%) 13hr 23m 
February 17 4hr 57m (58%) 3hr 33m (42%) 8hr 30m 
March 20 13hr 5m (52%) 12hr 2m (48%) 25hr 7m 




    
Table 3.3. Numbers of interactions between swimmers and Hector’s dolphins observed in 
Porpoise Bay between December 2019 and March 2020, categorised according to swimmer 
type and type of interaction. Neutral interactions were defined as interactions where dolphins 
remained within 200 m of swimmers for at least 5 minutes. Potential avoidance interactions 
were defined as those where dolphins left the 200 m proximity of swimmers within 5 minutes. 
Avoidance interactions were defined as interactions where dolphins left the 200 m proximity 
of swimmers within 2 minutes. The relative proportion of each interaction classification are 
given in brackets. 
Swimmer type No. of tracks Neutral Potential avoidance Avoidance 
Surfer 21 17 4 0 
Unaided 56 51 2 3 
Body boarder 20 18 1 1 
Non-powered watercraft 2 2 0 0 
Paddleboarder 8 7 1 0 





3.3.3 Directional responses of dolphins to swimmers 
A total of 1161 dolphin orientations with respect to swimmers were produced in Pythagoras 
and used in analysis. Sample sizes were similar for each dolphin orientation category, i.e. 
towards (n = 409), equivocal (n = 395), and away (n = 357). These data were subsequently 
modelled using Generalised Linear Mixed Models (GLMMs) with a binomial distribution to 
investigate the probability of dolphin groups heading ‘towards’ or ‘away’ from swimmer 
groups. This method accounted for potential autocorrelation of data points as repeated 
measures of dolphin groups in relation to multiple swimmer groups occurred.  
The most parsimonious model predicting the probability of dolphins heading ‘towards’ 
swimmers (indicated by lowest AICc score and highest Akaike weight) included the 
explanatory variable ‘distance’ as the lone fixed effect (Table 3.4). Dolphins were significantly 
more likely to head towards swimmers the greater the distance between them (p <0.001, df = 
3; Fig. 3.8). All models had very low marginal and conditional R2 values (<0.10), indicating 
that the addition of the random effect (i.e. dolphin group ID) made little difference in explaining 
model variance (Table 3.4). Model averaging indicated that distance between dolphins and 
swimmers was indeed a significant predictor of the probability of dolphins heading ‘towards’ 
swimmers, as 95% confidence intervals did not include zero (Table 3.5). No other model 
averaged explanatory variables were considered significant (Table 3.5). 
The top ranked model predicting the probability of dolphins heading ‘away’ from swimmers 
included the fixed effects of calf presence and swimmer group size (Table 3.6). This model 
suggested that dolphins were significantly more likely to head ‘away’ from swimmers when 
calves were present (p = 0.0496, df = 4). The effect of swimmer group size was not significant 
(p = 0.1017, df = 4). The top ranked model here only provided 2.7 times more empirical support 
than the lowest ranked model within two AICc points, which suggests that any of the nine 
candidate models with ∆AICc <2 may be feasible (Table 3.6). Given there was little difference 
in weights between models, and every model was less than six AICc points from the top model, 
model averaging was performed across all candidate models. Model averaging indicated that 
none of the explanatory variables explored here had a significant effect on the probability of 






Table 3.4. Model selection of GLMMs to explain the probability of Hector’s dolphins heading ‘towards’ swimmers in Porpoise Bay. Models are 
ranked from best to worst using ∆AICc scores. ‘Calf’ = presence of calf in focal dolphin group. ‘Distance’ = estimated distance between 
interpolated location of focal dolphin group and swimmer group location. ‘Dol_size’ = estimated size of focal dolphin group. ‘Time’ = elapsed 
time that the focal dolphin group had been in the presence of swimmers. ‘Swim_size’ = estimated swimmer group size.  Metrics of model 
performance are shown for each model with some support (Akaike weight ≥ 1%). df = degrees of freedom; ∆AICc = difference in AICc score 
relative to best model in the set; wi = Akaike weight; Marginal R
2 = explained variance (by fixed effects only); Conditional R2 = explained variance 
(by both fixed and random effects). All models include the random effect of dolphin group ID. Only models with ∆AICc <5 are shown. 
Response Rank Model explanatory variables df AICc ∆AICc wi Marginal R2 Conditional R2 
Towards 1 Distance  3 1488.6 0.0 0.25 0.07 0.09 
  2 Distance + Swim_size  4 1490.1 1.5 0.12 0.07 0.10 
  3 Distance + Dol_size 4 1490.2 1.7 0.11 0.07 0.09 
  4 Calf + Distance  4 1490.4 1.8 0.10 0.07 0.09 
  5 Distance + Time  4 1490.6 2.0 0.09 0.07 0.09 
  6 Distance + Dol_size + Swim size 5 1491.7 3.1 0.05 0.07 0.09 
  7 Calf + Distance + Swim_size  5 1491.8 3.3 0.05 0.07 0.10 
  8 Distance + Time + Swim_size 5 1492.1 3.5 0.04 0.07 0.10 
  9 Calf + Distance + Dol_size  5 1492.1 3.6 0.04 0.07 0.09 
  10 Distance + Dol_size + Time  5 1492.2 3.7 0.04 0.07 0.09 
  11 Calf + Distance + Time  5 1492.4 3.8 0.04 0.07 0.09 






Figure 3.8. Plot of the modelled probability of dolphins heading ‘towards’ swimmers in 
relation to the continuous explanatory variable ‘distance between dolphins and swimmers’ (m). 
The shaded areas represent the 95% confidence intervals of the response variable.  
 
Table 3.5. Model averaged estimates of the explanatory variables and their effect on the 
probability of dolphins heading ‘towards’ swimmers. ‘Estimated distance’ refers to the 
estimated distance between interpolated dolphin group location and swimmer location. ‘Time 
into encounter’ refers to the elapsed time that the focal dolphin group had been in the presence 
of swimmers. * indicates a significant effect on the response variable (i.e. 95% confidence 
interval [CI] does not include zero). 
Explanatory variable Model averaged estimate Lower 95% CI Upper 95% CI 
Calf presence 0.092 -0.284 0.468 
Estimated distance * 0.006 0.003 0.009 
Dolphin group size 0.000 -0.004 0.004 
Time into encounter 0.000 -0.002 0.002 





Table 3.6. Model selection of GLMMs to explain the probability of Hector’s dolphins heading ‘away’ from swimmers in Porpoise Bay. Models 
are ranked from best to worst using ∆AICc scores. ‘Calf’ = presence of calf in focal dolphin group. ‘Distance’ = estimated distance between 
interpolated location of focal dolphin group and swimmer group location. ‘Dol_size’ = estimated size of focal dolphin group. ‘Time’ = elapsed 
time that the focal dolphin group had been in the presence of swimmers. ‘Swim_size’ = estimated swimmer group size. Metrics of model 
performance are shown for each model with some support (Akaike weight ≥ 1%). df = degrees of freedom; ∆AICC = difference in AICc score 
relative to best model in the set; wi = Akaike weight; Marginal R
2 = explained variance (by fixed effects only); Conditional R2 = explained variance 
(by both fixed and random effects). All models include the random effect of dolphin group ID. Only models with ∆AICc <2 are shown. 
Response Rank Model explanatory variables df AICc ∆AICc wi Marginal R2 Conditional R2 
Away 1 Calf + Swim_size  4 1434.9 0 0.11 0.0050 0.0072 
  2 Calf  3 1435.6 0.62 0.08 0.0028 0.0040 
  3 Calf + Time + Swim_size  5 1435.9 0.94 0.07 0.0060 0.0085 
  4 Calf + Dol_size + Swim_size  5 1436.5 1.58 0.05 0.0054 0.0077 
  5 Calf + Distance + Swim_size  5 1436.6 1.7 0.05 0.0053 0.0076 
  6 Swim_size  3 1436.7 1.73 0.05 0.0042 0.0059 
  7 Null model 2 1436.8 1.83 0.04 0.0026 0.0037 
  8 Calf + Distance  4 1436.9 1.94 0.04 0.0034 0.0049 








Table 3.7. Model averaged estimates of the explanatory variables and their effect on the 
probability of dolphins heading ‘away’ from swimmers. ‘Estimated distance’ refers to the 
estimated distance between interpolated dolphin group location and swimmer location. ‘Time 
into encounter’ refers to the elapsed time that the focal dolphin group had been in the presence 
of swimmers.  
Explanatory variable Model averaged estimate Lower 95% CI Upper 95% CI 
Calf presence 0.141 -0.158 0.440 
Estimated distance  0.000 -0.001 0.002 
Dolphin group size 0.008 -0.035 0.051 
Time into encounter 0.001 -0.002 0.004 
Swimmer group size 0.032 -0.041 0.104 
 
3.3.4 Dolphin group cohesion and behavioural budgets in response to swimmers 
A total of 158 control and 193 impact fixes were sub-sampled at 10-minute intervals to 
investigate the potential effects of swimmer presence on the cohesion and behaviour budgets 
of the Hector’s dolphins in Porpoise Bay. The proportion of fixes dolphins were observed in 
each cohesion or behavioural state was used as a proxy for proportion of time. In control 
situations, dolphins were observed in ‘tight’ cohesion states for 53% of fixes (n = 84) compared 
to 47% of fixes for ‘dispersed’ states (n = 74) (Fig. 3.9). In impact situations, dolphins spent a 
greater proportion of time in ‘dispersed’ states (54% of fixes, n = 105) relative to ‘tight’ states 
(46% of fixes, n = 88). A two-sided Z-test revealed that the presence of swimmers had no 
significant effect on the proportion of time dolphins spent in tight and dispersed cohesion states 
(p = 0.1582, df = 1).  
There were significant differences in the proportion of time dolphins were observed in two of 
the four behavioural states considered in this study (Fig. 3.10). The proportion of time dolphins 
spent ‘long-diving’ was significantly reduced from 66% to 43% in the presence of swimmers 
(p <0.01, df = 1). The proportion of time dolphins were observed ‘milling’ showed a significant 
increase from 16% to 45% when swimmers were present (p <0.01, df = 1). Dolphins spent a 
similar proportion of time ‘socialising’ in control and impact situations (approximately 10%). 
‘Travelling’ was observed less often in the presence of swimmers (from 8% to 3%); however, 





Figure 3.9. Proportion of fixes dolphins were observed in each cohesion state during control 
and impact situations. Error bars are ± 95% confidence intervals. The number of sub-sampled 
dolphin fixes in control situations was 158, and 193 in impact situations. 
 
Figure 3.10. Proportion of fixes Hector’s dolphins were observed in each behavioural state 
during control and impact situations. Error bars are ± 95% confidence intervals. The number 
of sub-sampled dolphin fixes in control situations was 158, and 193 in impact situations. 
Significant difference between control and impact situations is indicated by a * star (two-sided 
























































3.3.5 Swimmer compliance with management guidelines 
In this study, the level of swimmer compliance with management measures was investigated 
in terms of both local guidelines and the Marine Mammals Protection Regulations (MMPR 
1992). Firstly, compliance with the local guideline which states swimmers should ‘enter the 
water at least 50 m from dolphin groups’ was assessed. Of the 107 swimmer groups initially 
observed within 200 m of the focal dolphin group, 72 were estimated to be greater than 50 m 
away, equating to a 67% compliance rate (Fig. 3.11). In contrast, swimmers were initially 
observed less than 50 m from the focal dolphin group in 33% of swimmer-dolphin interactions 
(n = 35; Table 3.8). The mean initial distance between swimmers and dolphins was 83 metres. 
Unaided swimmers were the most likely swimmer type to be non-compliant with the 50 m rule 
(Fig. 3.11), with 48% (n = 27) of unaided swimmer groups being initially observed <50 m from 
the focal dolphin group (Table 3.8). A kayak and small inflatable raft were not considered due 
to a small sample size (n = 2). Secondly, as Porpoise Bay is believed to be an important calving 
area for Hector’s dolphins (Green 2003), compliance with section 20(b) of the MMPR was 
assessed. In almost half of the observed swimmer-dolphin interactions, the focal dolphin group 
contained at least one calf (47%; n = 50). As such, the observed level of swimmer compliance 
with section 20(b) of the MMPR during summer 2019/20 in Porpoise Bay was 53%.  
 
Table 3.8. Frequency of initial distances between swimmers and dolphins in Porpoise Bay 
during summer 2019/20. Initial distances were pooled into four categories; <50 m between 
swimmers and dolphins, 51 - 100 m, 101 - 150 m, and 151 - 200 m. The total number of 
swimmer-dolphin tracks was 105. Non-powered watercraft were excluded due to small sample 
size. Distances were estimated using Pythagoras. Proportions are given in brackets. 
Swimmer Type <50 m 51 - 100 m 101 - 150 m 151 - 200 m 
Body boarder 5 7 6 2 
Paddleboarder 1 2 3 2 
Surfer 2 8 5 6 
Unaided 27 11 13 5 





Figure 3.11. Box-and-whisker plot of initial swimmer-dolphin distances at the beginning of 
each swimmer-dolphin interaction (n = 105 tracks). Swimmer types included body boarders (n 
= 20 tracks), paddleboarders (n = 8 tracks), surfers (n = 21 tracks), and unaided swimmers (n 
= 56 tracks). Non-powered watercraft were excluded due to a small sample size (n = 2 tracks). 
Initial distances were estimated using Pythagoras.  
 
3.3.6 Relative level of visitor activity in Porpoise Bay during summer 2019/20 
A total of 147 counts of people on the beach and in the water were conducted between January 
and March 2020. Beach counts were not conducted in December 2019. Over the study period, 
the mean number of people on the beach was greatest between 12:00 and 14:00 before 
gradually decreasing throughout the afternoon (Fig. 3.12). The mean number of people in the 
water was lowest in the morning and relatively constant at ~6 people between 10:00 – 17:00, 
with a peak at 12:00 of ~8 people on average (Fig. 3.12).  
January appeared to be the most popular month to visit during summer 2020 as it had the 
greatest number of people both on the beach and in the water counted on the hour between 
10:00 and 17:00 compared to February and March (Fig. 3.13). The mean number of people in 
the water between 10:00 and 17:00 in January was 9 (range: 0-27), compared to 5 and 6 in 
February and March respectively (range: 0-20, 0-19) (Fig. 3.13). The mean number of people 
on the beach in January was 18 (range: 4-45), compared to 11 in February (range: 1-34) and 






Surfers were the most common swimmer type observed during hourly beach counts at 56%, 
followed by unaided swimmers (21%), bodyboarders (19%), paddleboarders (3%) and non-
powered watercraft (kayaks, small inflatables, 2%) (Figure 3.14). The only power-driven 
vessels observed in Porpoise Bay in 2020 were commercial and recreational fishing boats 
entering and leaving Waikawa Harbour, as well as the photo-ID research vessel (Chapter 2). 
 
Figure 3.12. Mean number of people on the beach and in the water between 07:00 and 18:00 
at Porpoise Bay during summer 2020 (January – March). Error bars are ± standard error. The 
total number of beach counts for each hour between 07:00 and 18:00 are as follows: 5, 20, 20, 




























Figure 3.13. Mean number of people on the beach and in the water on the hour by month (data 
are pooled between 10:00 and 17:00) at Porpoise Bay, Southland, during January (n = 32), 
February (n = 32), and March (n = 38) 2020.  
Figure 3.14. Relative proportions of water users observed on the hour in Porpoise Bay during 
summer (January – March) 2020. Categories of water users observed were non-powered 
watercraft (kayakers/small inflatables; n = 15), paddleboarders (n = 20), bodyboarders (n = 






































This study assessed the potential effects of recreational swimmers on the behaviour of Hector’s 
dolphins and evaluated the effectiveness of management guidelines in Porpoise Bay, 
Southland, during summer 2019/20. Using non-invasive tracking via a theodolite station, 
significant short-term behavioural responses of Hector’s dolphins to swimmer presence were 
documented. Furthermore, swimmers were frequently observed contravening management 
guidelines, particularly with regards to section 20(b) of the MMPR (i.e. persons may not swim 
with dolphins calves or a pod of dolphins that includes calves). These findings are important 
as this local Hector’s dolphin population is small (ca. 53 individuals, Chapter 2), genetically 
isolated (Hamner et al. 2012), and likely vulnerable to anthropogenic impacts.  
 
3.4.1 Potential consequences of short-term behavioural responses 
Research assessing the potential effects of tourism on cetaceans typically focuses on short-term 
behavioural responses (e.g. Yin 1999; Constantine 2001; Stensland & Berggren 2007; Courbis 
& Timmel 2009; Martinez et al. 2010; Guerra et al. 2014). Interpretation of these responses 
must be made with caution (Fumagalli et al. 2021). Cetacean responses to tourism can vary for 
many reasons within or between species, populations, and individuals (e.g. due to presence of 
calves, Guerra et al. 2014; residency patterns, Richter et al. 2006; differences in sex, Lusseau 
2003b). As such, short-term behavioural responses to tourism should not necessarily be taken 
as indicators of detrimental effects on target animals (Bejder et al. 2009). Rather, they may 
provide useful information, which, combined with a precautionary approach, can be used to 
help guide sustainable management of tourism activities (Fumagalli et al. 2021).  
In this study, the orientation of dolphin groups with respect to swimmers was found to change 
in response to various explanatory variables. Model averaging of generalised linear mixed 
models showed that dolphins were significantly more likely to head ‘towards’ swimmers the 
greater the distance between them. Other studies have found evidence that Hector’s dolphins 
can be attracted to novel stimuli in their environment, such as vessels (e.g. Slooten & Dawson 
1988; Bejder et al. 1999) and swimmers (e.g. Green 2003; Martinez et al. 2012). It is possible 
that the presence of swimmers in Porpoise Bay is eliciting a similar response whereby dolphins 
head towards swimmers to investigate them when at distance. Time into encounter did not have 
a significant effect on the probability of dolphins heading ‘towards’ swimmers, in contrast to 





study whereby she used logistic regression to model the effects of time into encounter on the 
probability of dolphins heading towards swimmers. The reason for the result in the present 
study is unclear, but it is plausible that it may be due to inter-annual variation in Hector’s 
dolphin responses to tourism activities in Porpoise Bay (e.g. Green 2003). In contrast, dolphins 
were more likely to head ‘away’ from swimmers when the focal group contained at least one 
calf. Model averaging, however, did not support this predictor being significant. One possible 
explanation is that under these conditions (i.e. calf presence and increasing numbers of 
swimmers), dolphins may have perceived swimmers as a threat and adopted an avoidance tactic 
by swimming away. This has been suggested as a potential reason for observed horizontal 
avoidance responses to vessels in other species (e.g. bottlenose dolphins, Nowacek et al. 2001; 
Lemon et al. 2006; Steckenreuter et al. 2012; orca Orcinus orca, Williams et al. 2002). It is 
important to note, however, that the small amount of variance explained by the models in this 
study suggests that other factors not investigated have a stronger influence on Hector’s dolphin 
group orientation in Porpoise Bay. 
Swimmer presence also influenced dolphin group cohesion in this study, although this effect 
was not significant. In control situations (i.e. no swimmers present within 200 m of the focal 
group for at least 20 minutes), dolphins were more likely to be observed in tight groups. 
Conversely, when swimmers were present, dolphins were more likely be observed in dispersed 
groups. This is contrary to the results of Bejder (1997) and Bejder et al. (1999) which 
documented dolphin groups in Porpoise Bay forming tighter groups in the presence of vessels 
and swimmers. Five years later, Green (2003) found similar results to the present study with 
dolphin groups becoming more dispersed in the presence of vessels and swimmers. Green 
(2003) suggested that this behavioural response may be due to differences in individual 
habituation to swimmer presence. She postulated that dolphins with higher energetic 
requirements, such as nursing mothers, may avoid tourism activities in Porpoise Bay more than 
others. It is possible that during interactions with swimmers, more sensitive dolphins (e.g. 
mother-calf pairs) moved away or split from the rest of the group which may make the group 
appear to be more dispersed, similar to what was observed in bottlenose dolphins in Doubtful 
Sound by Guerra et al. (2014). While it is unclear whether this explains the trend in dolphin 
group cohesion in Porpoise Bay, some research suggests that dolphin groups that become more 
dispersed in the presence of human activities may have diminished foraging success and/or 
group defense against predators (e.g. Wells 1993; Arcangeli et al. 2009). The opposite reaction 





activities and potentially incur energetic costs through disruption of key behaviours (e.g. 
bottlenose dolphins, Nowacek et al. 2001; Bejder et al. 2006; Steckenreuter et al. 2012; beluga 
whales Delphinapterus leucas, Blane & Jaakson 1994). As Porpoise Bay is thought to be an 
important foraging and calving area for Hector’s dolphins (Bejder & Dawson 2001; Green 
2003), altered group cohesion could potentially be putting the most vulnerable individuals at 
risk of predation and/or incurring energetic costs.   
The behavioural budget of Hector’s dolphins changed in the presence of swimmers in this 
study. Importantly, there was a significant reduction in the proportion of time dolphins spent 
long-diving (presumably foraging) and a significant increase in milling when in the presence 
of swimmers. This change is similar to that reported by Green (2003) during the summers of 
2001-03. Inferring the biological consequences of such a behavioural change is notoriously 
difficult for studies of cetaceans (Christiansen et al. 2013). Some studies suggest that frequent 
disruption of critical behaviours such as foraging may reduce energetic intake and have 
implications for the animals’ well-being (e.g. Williams et al. 2006; Christiansen et al. 2013, 
2014). While the effects of a reduction in time spent long-diving on the well-being of Hector’s 
dolphins in Porpoise Bay are unknown, studies of other coastal dolphin populations exposed 
to tourism may offer some insight. For example, in Doubtful Sound, New Zealand, the presence 
of tour vessels has been associated with disrupted diving patterns (i.e. potential foraging 
opportunities) in a small population of bottlenose dolphins (Lusseau 2003b). There, it was 
suggested that female dolphins were likely exposed to greater physiological stress when vessel 
presence became intrusive, which may have adverse effects on energetic intake, reproductive 
success, and long-term population dynamics (Lusseau 2003b). It is possible that swimmer 
presence could be altering the energetic intake of Hector’s dolphin mothers in Porpoise Bay, 
which could in turn affect calf survival. More research assessing the trends in population 
demographics and the potential effects of tourism would be needed to investigate this 
possibility. 
This study also investigated how dolphin groups responded to swimmers entering the water. 
Dolphins displayed neutral reactions to swimmer presence (defined in this study as the focal 
dolphin group staying within 200 m of swimmers for at least five minutes) in most interactions 
(89%). Some potential avoidance and avoidance reactions were also observed, primarily during 
interactions with unaided swimmers. These reactions could represent a response to sudden and 
unexpected appearance of swimmers nearby, which has been suggested as a potential reason 





Rowden 2001). The proportion of observed neutral reactions to swimmers has increased 
relative to the findings of Bejder et al. (1999) (57% during 1995-97) and Green (2003) (77% 
during 2001-03), while the proportions of potential avoidance and avoidance reactions have 
decreased. This suggests some habituation to swimmer presence. The reactions to swimmers 
observed in this study are unlikely to be driven purely by swimmer presence, but instead by a 
complex range of factors including previous exposure to swimmers, group composition, 
behavioural state, and predator/prey occurrence (Bejder et al. 2009). Furthermore, potential 
habituation should not necessarily be interpreted as a positive process for the dolphins, as 
critical behaviours of some individuals, such as responding to predators or danger, may be 
affected (Bejder et al. 2009).  
 
3.4.2 Increase in exposure to tourism  
In addition to the detected behavioural responses of Hector’s dolphins to swimmers, this study 
also documented a substantial increase in the proportion of time dolphins were observed in the 
presence of swimmers. The proportion has increased from 11% in 1995-97 (Bejder et al. 1999) 
and 36% in 2001-03 (Green 2003), to 55% in the current study. It is unclear whether this 
increase has been linear or fluctuated over time due to large gaps in time between studies. In 
other dolphin species, it has been suggested that repeated exposure to tourism activity may 
have led to population-level consequences. For example, off Hawaii Island, USA, Tyne et al. 
(2018) documented a small, genetically isolated population of spinner dolphins in the presence 
of tourism activities (i.e. humans within 100 m of dolphins) for 82.7% of the daytime. Regular 
and extensive exposure to tourism over the long-term has been postulated as a potential driver 
of decline in relative abundance of this dolphin population (Tyne et al. 2017) and others (e.g. 
Tezanos-Pinto et al. 2013). While there is no evidence from the present study to suggest that a 
similar situation has occurred in Porpoise Bay, the level of exposure to swimmers in Porpoise 
Bay may be of concern. Given the small size and seasonal fidelity of the Hector’s dolphin 
population that uses Porpoise Bay, it is likely that individual dolphins are repeatedly exposed 
to swimmer presence over both short- and long-term time scales. Further analysis of the spatial 
and temporal distribution of Hector’s dolphins in Porpoise Bay may provide insight into the 
overlap between dolphin and swimmer use of the bay (see Chapter 4). It should be noted that 
the level of exposure presented here does not necessarily reflect overall daytime exposure to 





weather periods when observations could be made (i.e. Beaufort 2 or less, no rain and no 
mist/fog). In addition, it is unknown whether the level of dolphins’ exposure to swimmers 
presented here reflects trends post-COVID (i.e. during the 2020/21 summer and beyond). As 
such, it is recommended that the potential effects of tourism continue to be monitored in 
Porpoise Bay to help guide management of swimmers and other potential tourism or recreation 
activities in the future.  
 
3.4.3 Swimmer compliance and visitor activity  
The findings of this study raise concern about the compliance of swimmers with local 
management measures in Porpoise Bay. Of the swimmer-dolphin interactions observed in this 
study, a third did not comply with the ‘enter at least 50 m away from dolphins’ guideline. 
Unaided swimmers accounted for most interactions in breach of the ’50 m rule’ (77%). As 
swimmers’ intentions were unknown, it is not possible to know whether the lack of adherence 
was because swimmers did not know of dolphin presence, whether they knew about the 50 m 
rule, or whether the rule was ignored. In addition, at least one calf was present in the focal 
dolphin group in almost half of the observed swimmer-dolphin interactions, corresponding to 
a compliance rate of 53% with MMPR section 20(b). This result is particularly concerning as 
mother-calf pairs are likely to be the most vulnerable individuals in the population (e.g. 
Stensland & Berggren 2007; Christiansen & Lusseau 2014).  Clearly, there is a need to improve 
the behaviour of swimmers to minimise potential impacts on the Hector’s dolphins that use 
Porpoise Bay. It is recommended that clear, concise signage stating the rules and guidelines for 
behaving around wildlife at Porpoise/Curio Bay be created and placed at beach entrances and 
prominent locations (see Southland District Council 2009 for example). The basis for this 
recommendation is the observed lack of compliance during swimmer-dolphin interactions, as 
well as conversations with visitors and locals about current signage in the area. The current 
signage was deemed contradictory and confusing by some, and its placement may be limiting 
effectiveness for informing visitors on how to reduce disturbance to wildlife. Effective signage 
should a) provide consistent messaging regarding interactions with wildlife, b) provide 
instructions and biological rationale behind the constraints, and c) include both illustrations 
and informative text (Ballantyne et al. 2009; Marschall et al. 2017).  
To effectively monitor and enforce guidelines in Porpoise Bay, it is important to understand 





January, reaffirming the findings of Green (2003). It is likely that local weather patterns and 
the holiday period for schools and workers are important factors (Green 2003). Data on the 
number of monthly guests staying at the adjacent Curio Bay campground suggest that the peak 
number of visitors to the area during summer varies between years (South Catlins Charitable 
Trust unpublished data). As such, management in the form of a dedicated or volunteer ranger 
may be difficult to implement. Instead, ranger presence may be more effective if weekends and 
public holidays are targeted. Moreover, ranger presence would likely be most useful between 
mid-day and 16:00, based on the greater number of swimmers observed during this period.  
In the future, there is scope for research to explore the human dimensions of tourism in Porpoise 
Bay. Studies assessing visitor expectations, satisfaction, and interpretation of local 
management guidelines may provide valuable information on the sustainability of unregulated 
tourism in the bay and help improve management measures (e.g. D’Lima et al. 2018; Cornejo-
Ortega et al. 2018; Donnelly et al. 2021). Moreover, identifying potential drivers of swimmer 
behaviour, such as the desire to capture and share footage of close animal encounters (e.g. 
Pagel et al. 2020), may help design management measures that aim to educate visitors. 
 
3.4.4 Study limitations 
Research tools and approaches always have limitations. In this study observations were limited 
by distance. That is, the further away a dolphin group was from the theodolite station, the more 
difficult it was to observe and track. The narrow field of view of the theodolite telescope 
sometimes made tracking difficult, especially at reasonably close ranges. Ability to zoom the 
telescope would have been helpful. Observations of dolphin behaviour were inferred from 
surface-based behavioural states, which are arbitrary and somewhat subjective. Observations 
were always based on the largest dolphin group located by observers. Consequently, 
behaviours of smaller groups could have been missed, such as the behaviours of mother-calf 
pairs. To address these limitations, future research may benefit from alternative technologies 
to non-invasively track dolphin groups, including use of unmanned aerial vehicles (UAVs). 
This technology is emerging as a powerful tool to capture fine-scale movements and behaviours 
of cetaceans (e.g. Hartman et al. 2020), as well as behavioural responses to tourism (e.g. Fiori 
et al. 2020). Ability to fly UAVs from the theodolite station on South Head in Porpoise Bay 





There were also some limitations of the statistical methods used in this study. The generalised 
linear mixed models used to investigate dolphin group orientation in relation to swimmers did 
not have high explanatory value (i.e. all candidate models had marginal and conditional R2 
values of <0.1). As such, it is likely that the direction of group movement is explained by other 
factors not used in this study’s analysis. Instead, ecological factors may be more robust 
predictors of dolphin orientation in Porpoise Bay. For example, almost all observed swimmer-
dolphin interactions were initiated by swimmers entering the water from shore. This area is 
shallow and may not have ecological significance for the dolphins compared to deeper waters 
in Porpoise Bay where swimmers were less likely to be found. In addition, although the 
theodolite operator aimed to take fixes of the focal dolphin group every 60-180 seconds, this 
was not always possible. The resulting data structure did not have consistent time differences 
between fixes, which meant that Markov chain analyses could not be conducted and compared 
to previous research.  
 
3.4.5 Conclusions 
Porpoise Bay is one of the few places in New Zealand where Hector’s dolphins can be easily 
targeted by shore-based swimmers. The bay is described as somewhere people can go to ‘swim 
with dolphins for free’ both online, and in person. The results of this study show that this is not 
without cost to the dolphins; at least in the short-term, dolphin behaviour changes in the 
presence of swimmers. Particularly concerning is that mother-calf pairs were frequently 
observed during swimmer-dolphin interactions, despite the Marine Mammals Protection 
Regulations prohibiting swimming with groups containing calves. Efforts are needed to better 
educate visitors and improve the behaviour of those that choose to swim at Porpoise Bay.  
This study was conducted during an unusual period when the Coronavirus (COVID-19) 
pandemic was beginning to change the landscape of tourism in New Zealand and abroad. While 
the data gathered on the level of visitor activity and the potential effects of recreational 
swimmers on Hector’s dolphins in Porpoise Bay during summer 2019/20 may not be indicative 
of trends in the future, they do provide a ‘snapshot’ in time which is useful for assessing the 
potential effects of tourism on the population. The COVID-19 hiatus in international tourism 
in New Zealand thus provides a unique opportunity for the management of this population to 









Documenting when, where and why animal populations use areas of important habitat is 
fundamental for understanding their ecology and guiding effective conservation management 
(Guisan & Thuiller 2005; Passadore et al. 2018). As top predators, dolphins play important 
ecological roles in marine ecosystems (Hazen et al. 2019). For example, they may influence 
community structure, increase food web stability, and help cycle energy and nutrients across 
temporal and spatial scales (Estes and Duggins 1995; Heithaus et al. 2008; Estes et al. 2016). 
Dolphin populations that occur in coastal areas are at high risk of exposure to anthropogenic 
impacts (Dawson et al. 2008), which may alter habitat use or result in displacement (Davidson 
et al. 2012). To help mitigate potential disturbance from human activities, fine-scale studies of 
spatiotemporal variation in dolphin distribution are often required (Hastie et al. 2003; Guisan 
& Thuiler 2005; Heinrich et al. 2019; Stephenson et al. 2021).  
Dolphin distribution is driven by complex behavioural and ecological factors that vary spatially 
and temporally (Cribb et al. 2015). Fine-scale variation in dolphin distribution tends to be 
associated with abiotic variables that may act as proxies for prey availability (e.g. tidal state, 
Mendes et al. 2002; time of day, Fernandez-Betelu et al. 2019). For example, within a 
population’s range, areas of particularly high use (i.e. hotspots) may provide important habitat 
for foraging opportunities (e.g. Hector’s dolphins Cephalorhynchus hectori hectori, Brough et 
al. 2020; bottlenose dolphins Tursiops truncatus, Torres et al. 2008; Pirrota et al. 2014). In 
addition, hotspots may also be important for critical behaviours such as calving (e.g.  bottlenose 
dolphins, Smith et al. 2016; dusky dolphins Lagenorhynchus obscurus, Garaffo et al. 2007) 
and resting (e.g. spinner dolphins Stenella longirostris, Tyne et al. 2015; Fumagalli et al. 2019). 
As the drivers of hotspot formation vary both within and between species, there is a need for 
localised studies of dolphin populations to determine spatiotemporal trends in distribution 
relevant to management.  
To obtain fine-scale data on dolphin distribution, visual observations using boat-based or land-
based surveys are often employed (Evans & Hammond 2004). Visual survey methods are 





to daylight hours and favourable weather conditions. Moreover, visual methods are reliant on 
the animals being available at the surface to be observed. Passive acoustic monitoring (PAM) 
is increasingly being used as an alternative, yet complementary, tool for investigating dolphin 
distribution (e.g. Elliot et al. 2011; Rayment et al. 2011; Dawson et al. 2013; Nuuttila et al. 
2015; Leunissen et al. 2019; Brough et al. 2020). With moored PAM equipment, non-invasive 
detection of echolocating animals is possible during all hours of the day and in unfavourable 
weather conditions (Mellinger et al. 2002; Dawson et al. 2013). This offers a key advantage 
over visual surveys as high-resolution presence and behavioural data can be analysed to 
identify distribution trends in relation to environmental parameters such as diel and tidal cycles 
(Holdman et al. 2019). However, PAM also has limitations. The primary constraints are that 
echolocation clicks can only be detected over relatively short ranges (e.g. Rayment et al. 2009b; 
Elliot et al. 2011; Heenehan et al. 2016), and that echolocation detections may not fairly reflect 
dolphin presence (Dawson et al. 2013). When study designs incorporate both PAM and visual 
survey methods, a range of valuable spatial and temporal information on dolphin distribution 
can be obtained (e.g. Heenehan et al. 2016).  
 
4.1.1 Hector’s dolphin habitat use 
During summer, Hector’s dolphins show a strong preference for shallow, nearshore waters 
(Rayment et al. 2010). This preference makes them particularly vulnerable to anthropogenic 
impacts as areas where Hector’s dolphins are found are often used for various human activities 
(Slooten 2013). Localised hotspots in the distribution of Hector’s dolphins have been 
documented in studies of small populations around the South Island, e.g. near Blueskin Bay 
off Otago (Turek et al. 2013), and near river mouths in Te Waewae Bay (Rodda & Moore 
2013). Current understanding of the ecological drivers of hotspots in small populations of 
Hector’s dolphins is limited. In contrast, at Banks Peninsula, numerous ecological studies have 
been conducted at hotspots in the distribution of a relatively large population of Hector’s 
dolphins. For example, in Akaroa Harbour, passive acoustic monitoring using echolocation 
detectors (T-PODs) revealed that Hector’s dolphin habitat use varied spatially within the 
harbour, and was influenced by time of day, season, and tidal state (Dawson et al. 2013). 
Further PAM by Brough et al. (2020) showed that Hector’s dolphin hotspots at Banks Peninsula 
had greater rates of echolocation foraging ‘buzzes’, compared to non-hotspot areas. As such, it 





opportunities (Brough et al. 2020). It is likely that other complex behaviours like mating and 
calving are also contributing to the formation of hotspots (Brough et al. 2019a).  
Long-term seasonal site fidelity of some individual Hector’s dolphins in Porpoise Bay suggests 
that the bay is a hotspot in the distribution of the Catlins coast population (Green 2003; Webster 
& Rayment 2008; Chapter 2). Within the bay, a small area in the south-west corner between 
Cook Creek and South Head has been identified as a core-use area for the dolphins (Bejder & 
Dawson 2001; Green 2003). Observations of Hector’s dolphin behaviour in this area suggests 
that it may provide foraging opportunities and be important for mother-calf pairs during the 
austral summer (Bejder & Dawson 2001; Green 2003). Previous research documenting 
Hector’s dolphin’s use of Porpoise Bay has been restricted to daylight hours and fieldwork has 
only taken place during the summer (Bejder & Dawson 2001; Green 2003). As such, the diel 
and seasonal use of Porpoise Bay by Hector’s dolphins is poorly understood. New technologies 
such as PAM make it possible to address these knowledge gaps. Improving our understanding 
of the ecology of Hector’s dolphins in Porpoise Bay may also offer insight into the potential 
effects of human activities on the population.  
The potential effects of swimmer presence on the fine-scale distribution of Hector’s dolphins 
in Porpoise Bay were investigated during the austral summers of 2001-03 (Green 2003). While 
dolphins showed a moderate level of avoidance responses to swimmer presence, they were not 
displaced from their core-use area (Green 2003). In the present study, Hector’s dolphins 
showed a low level of avoidance responses to swimmer presence (Chapter 3). As such, it would 
be useful to investigate whether Hector’s dolphin spatial distribution changes when swimmers 
are present in Porpoise Bay.  
This study used similar theodolite and photo-ID survey methods to previous studies by Bejder 
& Dawson (2001) and Green (2003) to make long-term comparisons of Hector’s dolphin spatial 
distribution in Porpoise Bay. In addition, a proven passive acoustic monitoring method was 









4.1.2 Study aims 
The aims of this study were to: 
• Investigate diel, tidal, seasonal, and spatial trends in the distribution of Hector’s 
dolphins in Porpoise Bay using passive acoustic monitoring.  
• Use kernel density estimation to determine the core-use area(s) of Hector’s dolphins in 
Porpoise Bay during summer 2019/20, and assess the potential effects of swimmer 
presence on dolphin distribution. 
• Compare findings to previous research conducted in Porpoise Bay during the summers 
of 1995-97 (Bejder & Dawson 2001) and 2001-03 (Green 2003). 
 
 
Figure 4.1. Map of the study area in Porpoise Bay, Southland. T-POD moorings are indicated 
by white circles (M1 = inner mooring, M2 = mid mooring). Orange dotted lines indicate the 
effective detection radius of Hector’s dolphins with T-PODs and red dotted lines indicate the 







4.2.1 Passive acoustic monitoring protocol 
Passive acoustic monitoring (PAM) data were gathered using T-PODs (v.5, numbers 780 & 
784; Chelonia Ltd) opportunistically moored between January 24th and August 6th, 2020, in 
Porpoise Bay, Southland. T-PODs were deployed at two sites within the bay, subject to weather 
and sea conditions. The two deployment sites were approximately 1.2 km apart, with one site 
located in the south-west corner of the bay (M1) and the other near the middle of the bay (M2) 
(Fig. 4.1). The effective detection radius (i.e. the range at which effectively all dolphin groups 
are detected; EDR) for T-PODs with Hector’s dolphins is 198 m, while the maximum range 
for acoustic detections is 431 m (Rayment et al. 2009b). Therefore, to minimise the chances of 
detecting the same dolphin on both T-PODs at once, deployment sites were spaced more than 
the greatest detection distance apart. Sites were also chosen to evaluate dolphin usage of the 
inner (M1, depth = 10 m) and middle (M2, depth = 13 m) parts of Porpoise Bay (Fig. 4.1).   
T-PODs were deployed on temporary moorings which consisted of a car wheel hub filled with 
concrete attached to a rope with a buoy at the surface. On each mooring, a T-POD was fastened 
to the rope with a large metal carabiner and two cable ties so that that it floated vertically in 
the water column approximately 5 m above the seabed. Version 5 T-PODs have been calibrated 
so that detection rates among instruments are similar (Dähne et al. 2006; Verfuß et al. 2008). 
Nevertheless, individual T-PODs were swapped between sites for each deployment. 
Deployments were limited to periods of good weather forecasts (i.e. <2 m swell, <20 kt winds) 
to minimise the risk of losing equipment. Following retrieval of moorings, data were 
downloaded to a computer, and batteries replaced if needed. 
T-PODs cycle among six ‘scans’ of programmed settings every minute and log details of any 
echolocation clicks that are detected. Researchers can define the filter settings of each scan to 
allow detection of more than one species. This study used T-POD scan settings that have been 
optimised for detecting Hector’s dolphins (Table 4.1; Rayment et al. 2009b; Brough et al. 
2020). Hector’s dolphin echolocation clicks are narrow-band, high frequency (NBHF) clicks 
centred on 120 to 130 kHz (Dawson & Thorpe 1990). In all T-POD deployments, five scans 
were set to detect Hector’s dolphin echolocation clicks (Table 4.1), and the sixth scan set at a 
lower frequency to detect other delphinids that have been observed in Porpoise Bay; e.g. 
bottlenose dolphin and killer whales (Orcinus orca). These species have broadband, lower 





dolphins. This strategy has been used in other studies which have used T-PODs to differentiate 
between harbour porpoise (Phocoena phocoena), which also make NBHF clicks, and the 
broadband clicks of bottlenose dolphins (e.g. Philpott et al. 2007; Bailey et al. 2010).  
 
Table 4.1. T-POD scan settings used during passive acoustic monitoring of Hector’s dolphins 
in Porpoise Bay between 24th January and 6th August 2020. ++ is the normal operational setting 







4.2.2 Data processing 
Proprietary T-POD software (TPOD.exe, v. 8.24; Chelonia Ltd) was used to analyse 
echolocation clicks from T-POD deployments. This software is designed to identify sequences 
of echolocation clicks (known as ‘trains’) and assign them a likelihood of having cetacean 
origin based on the characteristics of the click train (i.e. pulse duration, pulse repetition 
frequency, and inter-click interval [ICI]) (Todd et al. 2009; Brough et al. 2020). The categories 
in which detections are classified are CET HI, CET LO, DOUBTFUL, VERY DOUBTFUL, 
and FIXED RATE/BOAT SONAR. Previous research by Rayment et al. (2009b) demonstrated 
that T-PODs often classified genuine Hector’s dolphin click trains into CET HI, CET LO and 
DOUBTFUL categories. Using CET ALL, which combines CET HI and CET LO, is therefore 
a conservative approach that has been applied in several studies of Hector’s dolphins (e.g. 
Rayment et al. 2011; Dawson et al. 2013). To minimise the potential for false positives, 
detections classified as CET ALL also had to meet decision rules developed by Rayment et al. 
(2011) (Table 4.2). Click trains classified as CET ALL from each T-POD deployment were 
viewed graphically in TPOD.exe and screened using the decision rules. None of the CET ALL 
trains examined in this study failed to meet these decision rules.  
Parameter Scans 1-5 Scan 6 
Target filter frequency (kHz) 130 50 
Reference filter frequency (kHz) 92 70 
Bandwidth 5 5 
Noise adaptation ++ ++ 
Sensitivity 10 10 





Information on click trains was exported in TPOD.exe for each deployment as detection-
positive minutes (DPM) per hour. DPM is the number of minutes in which dolphin clicks were 
detected over a defined period (e.g. hour or day) and is the recommended metric for studying 
cetacean habitat use (Chelonia Ltd). Each hour of a deployment was treated as a data point. To 
ensure consistency among data points, the first and last hour of each deployment were removed 
as these data points did not represent a full hour of detection. 
 
Table 4.2. Decision rules created by Rayment et al. (2011) used to determine whether ‘CET 
ALL’ click train detections in the TPOD.exe software should be classified as being of Hector’s 
dolphin origin. PRF = pulse repetition frequency.  
Rule Justification 
(1) ≥ 8 clicks in train Longer trains less likely to arise by chance 
(97.3% of 714 ‘CET ALL’ trains in Rayment 
et al. (2009b) had ≥ 8 clicks). 
(2) Mean click duration <300 µs Long clicks are likely to be of non-cetacean 
origin (all 714 ‘CET ALL’ trains in Rayment 
et al. (2009b) had mean click duration <300 
µs). 
(3) Smooth trend in Pulse Repetition Rate, 
but PRFs not constant 
PRFs in click trains from cetaceans can 
change rapidly but have a smooth trend. 
Trains with very constant PRFs likely to arise 
from boat sonar. 
(4) No accompanying noise around focal 
click train (by visually examining clicks in 
TPOD.exe) 
TPOD.exe can occasionally select a 
plausible click train from random noise. 
(5) No trains on scan 6 detected within 10 
min of focal train 
Trains likely to be of cetacean origin but not 
Hector’s dolphin. 
 
4.2.3 Data analysis 
To quantify Hector’s dolphin use of Porpoise Bay over daily, tidal, and seasonal cycles, a suite 
of competing Generalised Additive Models (GAMs; Hastie and Tibshirani 1987) were created 





additive models that fit smoothed, non-linear curves to model relationships between 
explanatory and response variables (Hastie & Tibrhirani 1987; Guisan et al. 2002). This 
technique is particularly useful in ecological studies as relationships between response and 
explanatory variables are often complex and non-linear (Guisan et al. 2002).  
DPM per hour was used as the response variable as it allows for fine-scale temporal patterns 
in dolphin detections to be modelled. Each data point included the response variable DPM per 
hour (i.e. the number of detection-positive minutes in a given hour) and a range of spatial, 
temporal, and environmental explanatory variables (Table 4.3). The explanatory variable ‘time 
of day’ was defined as the number of hours after 0:00 am and fitted using a cubic circular spline 
(Wood 2017) to investigate diel effects on dolphin detections. This allowed for potential 
overlap with swimmer distribution to be assessed. To assess the potential effects of tidal 
fluctuations on dolphin detections, the explanatory variable ‘tide’ was also fitted using a cubic 
circular spline and defined as the number of hours since the last high tide. This information 
would be useful to compare to other Hector’s dolphin populations where tide is known to 
influence distribution (e.g. Dawson et al. 2013). Tide data were retrieved from the National 
Institute of Water and Atmosphere’s (NIWA) Tide Forecaster tool at 60-minute intervals 
(Goring 2001). Other explanatory variables included ‘season’ (data gathered in January, 
February and March were classified as ‘summer’, August classified as ‘winter’), site (i.e. T-
POD mooring M1 or M2), and T-POD ID (no. 780 or 784). Assessing the influence of season 
and site provides complementary data to visual surveys described in 4.2.4, while assessment 
of the effect T-POD ID is necessary to rule out potential influences of the instruments used on 
results.  
Potential correlation between explanatory variables was assessed. The full model was tested 
for concurvity, a measure that describes non-linear dependencies in the explanatory variables 
(Ramsay et al. 2003; Amodio et al. 2014). Estimated pairwise concurvity between explanatory 
variables was <0.3 for all variables included in the full model. Therefore, it was assumed that 
the explanatory variables included in this study were not correlated and could be included in 
all candidate models (He et al. 2006). 
Exploratory histograms of DPM per hour indicated that data were not normally distributed. To 
determine the appropriate distribution family for modelling, Gaussian, Poisson and negative 
binomial distributions were fitted to data. Visual inspection of Q-Q plots suggested that the 





per hour. Therefore, the effects of the explanatory variables on DPM per hour were modelled 
using GAMs with a negative binomial distribution. Models were created using the R package 
‘mgcv’ (Wood 2017). The full model including all explanatory variables was: DPM per hour ~ 
time of day + tide + season + site + T-POD ID. 
Model ranking was performed using the ‘dredge’ function in the R package ‘MuMin’ (Barton 
2018). Candidate models were ranked according to Akaike’s information criterion (AICc), 
which is designed to deal with small sample sizes (Burnham et al. 2011; Symonds & Mousalli 
2011). The AICc score is a measure of the fit of a model, penalised by model complexity. A 
lower AICc value indicates a better model (Akaike 1973; Burnham et al. 2011). The model 
with the lowest AICc value was chosen as the best model. Models with ∆AICc <2 are presented 
in the results, as models within two AICc points are typically considered to be similarly good 
as the best model (Richards 2005).  
Model checking was performed to ensure the data met model assumptions. The key model 
assumptions are independence of data points and constant variance of scaled residuals. 
Residual checking was undertaken to assess independence and homogeneity of the response 
variable using the ‘gam.check’ function within the ‘mgcv’ package. Diagnostic plots indicated 
adequate model fit.  
 
Table 4.3. List and description of explanatory variables used in Generalised Additive Models 
(GAMs) modelling detection-positive minutes (DPM) per hour in Porpoise Bay.  
Variable Type Description 
Time of day (hour) Continuous, cyclic ‘0’ represents the hour starting at 00:00am. 
‘23’ represents the hour starting at 11:00 pm. 
Tide Continuous, cyclic Hours since last high tide. 
Season Factor, two levels Data collected in January, February and March 
were pooled as ‘summer’, data collected in 
August were classified as ‘winter’. 
Site Factor, two levels Inner (M1) and mid (M2) moorings in Porpoise 
Bay. 






4.2.4 Land-based and boat-based surveys of Hector’s dolphins 
In addition to PAM, this study also used location data from boat-based photo-ID surveys and 
land-based theodolite tracking to assess Hector’s dolphin distribution in Porpoise Bay. Photo-
ID surveys were conducted in Porpoise Bay during January, February, March, and August 2020 
(see Chapter 2 for detailed methods). The survey vessel was a 4.3 m Stabicraft powered by a 
40 hp outboard engine. Subject to weather and sea conditions, the survey route typically 
proceeded from the entrance to Waikawa Harbour to South Head, and then along the beach just 
outside the line of breakers back to the start point. When a dolphin group was sighted, the 
vessel’s speed was reduced, and the group approached. Encounter information was noted on a 
data sheet including estimated group size, number of calves, behaviour, and encounter start and 
end time. As dolphin groups could move throughout an encounter, the initial encounter location 
was used as the sighting location. These data were later extracted from a Garmin GPSMAP 78 
handheld GPS that logged the survey vessel’s track continuously at 30-second intervals. 
Land-based surveys, described in detail in Chapter 3, were undertaken from a theodolite station 
(Trimble M3 DR 5”; 30x telescope) situated on South Head overlooking Porpoise Bay. Most 
surveys were undertaken between December 2019 and March 2020 and were treated as 
‘summer’ surveys. Opportunistic surveys conducted in May, June, August, and November 
2020 were classified as ‘non-summer’ surveys. During summer surveys, dolphin tracks were 
classified as being in either ‘control’ or ‘impact’ situations, based on the presence or absence 
of swimmers. Impact situations were defined as any time when swimmers came within 200 m 
of the focal dolphin group. Control situations were defined as times when swimmers had been 
absent (>200 m away) for at least 20 minutes.  
 
4.2.5 Spatial distribution of Hector’s dolphins in Porpoise Bay 
Fixed kernel density estimation (KDE; Worton 1989) was used to investigate the spatial 
distribution of Hector’s dolphins in Porpoise Bay during summer 2020. The methods used here 
are similar to those used by Brough et al. (2019a) to investigate distribution of Hector’s 
dolphins at Banks Peninsula, and Bennington et al. (2021) to investigate distribution of 
bottlenose dolphins in Doubtful Sound. KDEs were created for summer photo-ID sightings, 
and sightings of Hector’s dolphins in control and impact situations from the theodolite station. 
All analyses were conducted in ArcGIS Desktop version 10.6.1 (ESRI; Environmental Systems 





As photo-ID survey effort was not equally distributed throughout Porpoise Bay (e.g. some areas 
were surveyed for longer due to encounters), sightings of Hector’s dolphins were assigned a 
weight. First, the bay was divided into 300 x 300 m (0.09 km2) grid cells and the total effort 
(km surveyed) per grid cell determined. Dolphin sightings were then overlaid on the grid to 
determine which grid cell each sighting corresponded to. A weight was then calculated for each 
sighting considering dolphin group size and the total survey effort (km) in the cell in which the 





Where g is the group size of Hector’s dolphins sighted, and D is the total distance (km) 
surveyed in the grid cell the dolphin group sighting was assigned.  
As Hector’s dolphin groups were tracked at 60-180 second intervals from the theodolite station, 
consecutive fixes (i.e. dolphin locations) during a dolphin track were likely autocorrelated. To 
ensure that data points were independent, one fix from each track was chosen at random to 
represent the location of that group. In contrast to photo-ID data points, theodolite data points 
were weighted only by estimated dolphin group size.  
The tool ‘create KDEs without barriers’ from the ‘Home Range Tools’ toolbox (MacLeod 
2013) was used in ArcGIS to create probability density maps from Hector’s dolphin sightings 
in Porpoise Bay. KDEs are the result of interactions between a smoothing parameter (H; also 
known as bandwidth) and cell size. This study followed the rule-based ‘ad hoc’ approach 
described by Kie (2013) to determine the optimum smoothing parameter for each KDE. This 
approach involves trial and error to determine the smoothing parameter value that produces a 
continuous 95% percentage density contour (PDC) with no fragmentation (Kie 2013). The 95% 
PDC represents the area of the density estimate where the population spends 95% of its time 
(Bennington et al. 2021). In addition, a 50% PDC was used to represent the core-use area of 
Hector’s dolphins in Porpoise Bay (sensu Rayment et al. 2009a; Bennington et al. 2021).  
For the photo-ID KDE, the cell size was 50 m2 and the smoothing parameter was 300 m. As 
visual comparisons between ‘control’ and ‘impact’ situation KDEs were desired, the lowest 
bandwidth and cell size that produced unfragmented 95% PDCs in both KDEs were used. The 
cell size used was 50 m2 and the smoothing parameter was 250 m.  
As survey effort during non-summer months was low, data gathered during these periods were 






4.3.1 Summary of passive acoustic monitoring 
T-PODs were successfully deployed at the inner (M1) and mid (M2) moorings in Porpoise Bay 
for a total of 436 and 450 hours, respectively between January 24th and August 6th 2020 (Table 
4.4). The number of T-POD deployment days was similar between sites with T-PODs being 
deployed at M1 for 18 days and M2 for 17 days. For both moorings, monitoring effort (i.e. T-
POD hours) was greatest in February compared to other months (Table 4.4).  
There was a clear difference in dolphin detection rate (DPM per hour) between the inner and 
mid moorings, with more detections at the inner site, across all study months (Table 4.4). The 
greatest rate of Hector’s dolphin detections at M1 occurred during February (mean = 10.77 
DPM per hour, SE = 0.68) and March (mean = 10.07, SE = 1.71; Table 4.4). At M2, dolphin 
detection rate followed a similar trend (Table 4.4). M1 had the highest proportion of hours with 
at least one Hector’s dolphin echolocation detection per hour across all months (70%, Table 
4.4).  
 
4.3.2 Selection of Generalised Additive Models 
The most parsimonious model explaining Hector’s dolphin detections in Porpoise Bay included 
the explanatory variables ‘season’, ‘site’, ‘time of day’ (hrs since 0:00 am), and ‘tide’ (hrs since 
high tide) (Table 4.5). This model had the lowest AICc score and a model weight of 0.655 
(Table 4.5). The second-best model was the full model, which also included ‘T-POD ID’ as an 
explanatory variable and had a model weight of 0.345 (Table 4.5). The two best models 
explained a similar amount of variance (Adj. R2 = 15.6% and 15.8%, respectively; Table 4.5). 
All explanatory variables were significant predictors of DPM per hour except for ‘T-POD ID’ 









Table 4.4. Summary of T-POD deployments in Porpoise Bay between January 24th and August 
6th 2020. T-POD hours represents the total number of monitoring hours that T-PODs were 
deployed. Detection-positive hours represents the number of monitoring hours in which at least 
one Hector’s dolphin detection was made. Percentages in brackets indicate proportion of T-
POD hrs that dolphins were detected at least once. Mean DPM per hour represents the mean 
detection-positive minutes per hour for each month. Brackets indicate standard error. 
Month T-POD hours Detection-positive hours Mean DPM per hour 
Inner mooring (M1)    
January 94 48 (51%) 4.49 (0.93) 
February 212 171 (81%) 10.77 (0.68) 
March 43 33 (77%) 10.07 (1.71) 
August 87 54 (62%) 5.38 (0.79) 
Total 436 306 (70%) 8.27 (0.47) 
Mid mooring (M2)    
January 93 22 (24%) 0.65 (0.17) 
February 227 151 (67%) 6.80 (0.57) 
March 43 32 (74%) 8.67 (1.62) 
August 87 42 (48%) 3.48 (0.67) 
Total 450 247 (55%) 5.07 (0.37) 
 
 
Table 4.5. Model selection of GAMs used to explain Hector’s dolphin detections (DPM per 
hour) in response to explanatory variables. Models are ranked from best to worst using ∆AICc 
scores. Metrics of model performance are shown for each model with some support (within 6 
AICc points of the top model). edf = estimated degrees of freedom; ∆AICc = difference in 
AICc score relative to best model in the set; wi = Akaike weight; Adj. R
2 = explained variance. 
Model 
rank 
Model explanatory variables edf AICc ∆AICc wi 
Adj. 
R2 
1 Season + Site + Time + Tide 9 4775.0 0 0.655 0.156 
2 Season + Site + Time + Tide + TPOD 
ID 






Table 4.6. Modelled explanatory variables from GAMs used to explain Hector’s dolphin 
detections (DPM per hour) in response to explanatory variables. Estimated degrees of freedom 
(edf) of explanatory variables in each model are shown for models with ∆AICc <2. The formula 
for each model according to its rank is shown in Table 4.5. An explanatory variable is 
considered significant if its p-value (in brackets) is less than 0.05 (Zuur et al. 2009).  



















(p = 0.396) 
 
 
4.3.3 Trends in habitat use from passive acoustic monitoring 
The explanatory variable ‘time of day’ was a significant predictor of Hector’s dolphin 
detections (DPM per hour; χ² = 103.93, estimated df = 2.87, p < 0.001). Hector’s dolphins 
showed a clear diel distribution pattern; the highest detection rate occurred during daytime, 
from around 06:00 – 19:00 h (Fig. 4.2A). Dolphin detections dramatically decreased around 
20:00 h and remained low until approximately 05:00 h, when detection rates increased again 
(Fig. 4.2A). 
The effect of tide on the probability of detecting dolphins was also significant (χ² = 19.64, 
estimated df = 2.17, p < 0.001; Fig. 4.2B). Hector’s dolphin detections showed a peak 
approximately two hours before high tide during the flood phase, when tidal flow is strong 
(Fig. 4.2B). Conversely, mean DPM per hour was lowest about two hours before low tide, 
when tidal flow is weaker (Fig. 4.2B). Hector’s dolphins showed a preference for the inner part 
of Porpoise Bay, compared to the mid part, as detection rate was significantly higher at the 
inner mooring (M1) compared to the mid mooring (M2) (df = 1, p-value < 0.001; Fig. 4.3A). 
There was also a clear relationship between season and dolphin detections (Fig. 4.3B). Dolphin 
detections were significantly higher during the summer sampling months (January, February, 





Figure 4.2. The smoothed effect of the explanatory variables ‘time of day’ (hours after 0:00 
am; A) and ‘tide’ (hours after high tide; B) on Hector’s dolphin detection-positive minutes 
(DPM) per hour in Porpoise Bay. Both explanatory variables were fitted with cyclic splines. 
Y-axes show the smooth function of each explanatory variable in the GAM. Shaded areas 
indicate 95% confidence intervals. Estimated degrees of freedom for smoothing functions are 
given in brackets of y-axis titles.  
Figure 4.3. Fitted relationships for the categorical explanatory variables ‘site’ (inner 
mooring/M1 and mid mooring/M2; A) and ‘season’ (January, February and March represent 
‘summer’ and August represents ‘winter’; B) on Hector’s dolphin detection-positive minutes 
(DPM) per hour in Porpoise Bay. Y-axes represent the partial residuals for each explanatory 





4.3.4 Kernel density estimation 
Between January and March 2020, 38 hours and 36 minutes of boat-based survey effort were 
performed, resulting in forty sightings of Hector’s dolphins for kernel density estimation (for 
a detailed summary, see Chapter 2). The 95% PDC indicated that Hector’s dolphins spent most 
of their time in the southern half of Porpoise Bay (Fig. 4.4). Dolphins showed a preference for 
two main core-use areas, as indicated by the 50% PDCs. The largest of the core-use areas was 
located between Cook Creek and South Head in the south-west corner of the bay (Fig. 4.4). 
Modelled density also suggested that a small area in the middle of the bay between the entrance 
to Waikawa Harbour and South Head was important for Hector’s dolphins (Fig. 4.4). Very 
small parts of the KDEs produced in this study overlap with land due to the method used. It is 
important to note that dolphin habitat use outside of Porpoise Bay was not investigated.  
Figure 4.4. Kernel density estimation of weighted summer (January – March) boat-based 
sightings of Hector’s dolphin in Porpoise Bay, Southland (cell size = 50 m2, h-value = 300 m). 
Colours indicate relative densities of Hector’s dolphins; deep red indicates high density 
whereas blue indicates low density. The 95% percentage density contour (PDC) is indicated by 
a dashed black line. The 50% PDC is indicated by a solid black line. Sighting locations are 





Between December 2019 and March 2020, a total of 125 hours and 25 minutes of land-based 
observation effort was undertaken in Porpoise Bay (for a detailed description see Chapter 3). 
Sixty sightings of Hector’s dolphins in ‘impact’ situations, and sixty-nine sightings of dolphins 
in ‘control’ situations were used for creating KDEs.  
Visual inspection of estimated Hector’s dolphin density during control and impact situations 
shows that the dolphins’ core-use area in Porpoise Bay is between Cook Creek and South Head 
(Fig. 4.5). Comparison of Fig. 4.5A and Fig. 4.5B suggests swimmer presence has little effect 
on dolphin distribution. During control situations, it appears that dolphins are using an area 
slightly closer to South Head and further from the coast. Conversely, in impact situations, 
dolphins seem to be found closer to the coast and further towards Cook Creek.  
 
Figure 4.5. Kernel density estimation of weighted summer (December–March) theodolite fixes 
(purple circles) of Hector’s dolphin during ‘control’ (A) and ‘impact’ (B) situations in Porpoise 
Bay, Southland (cell size = 50 m2, h-value = 250 m). Colours indicate relative densities of 
Hector’s dolphins; deep red indicates high density whereas blue indicates low density. The 
95% percentage density contour (PDC) is indicated by a dashed black line. The 50% PDC is 






4.3.5 Seasonal sightings of Hector’s dolphins in Porpoise Bay 
During the non-summer sampling months (i.e. May, June, August, and November), eleven 
theodolite tracking sessions were undertaken, resulting in 36 hours and 35 minutes of 
observation time. Dolphins were sighted in the bay during five of these sessions (Fig. 4.6). 
Hector’s dolphins were observed just outside of Porpoise Bay on the south side of South Head 
during all but two non-summer surveys, but were not tracked as they occurred outside of the 
study area. Calves/juveniles were observed during surveys in all months except August. 















Figure 4.6. Plotted fixes of all Hector’s dolphin groups in Porpoise Bay, Southland, sighted 
from the theodolite station during non-summer months of 2020 (n = 5 tracks). Fixes were taken 
during surveys in June (n = 2 surveys; yellow circles), August (n = 3 surveys; pink circles), 
and November (n = 2 surveys; blue circles). The location of the theodolite station is indicated 





Four boat-based surveys were conducted during August 2020, resulting in 3 hours and 37 
minutes of survey effort. Five Hector’s dolphin groups were encountered, with initial sighting 
locations typically towards the middle of the bay (Fig. 4.7). Dolphins occurred in small groups, 
with a mean group size of 2 dolphins (range = 1-4). None of the individual dolphins 
photographed during these surveys had identifiable dorsal fins and therefore could not be 
identified from the summer 2020 catalogue. Dolphins typically showed avoidance responses 
when approached by the survey vessel by either diving and resurfacing at a further distance, or 
not being resighted.  
 
Figure 4.7. Locations of Hector’s dolphin groups (n = 5) encountered during boat-based 










This study successfully utilised a range of monitoring and modelling techniques to quantify 
use of Porpoise Bay by a small population of Hector’s dolphins. The results presented here 
provide new evidence of variation in the dolphins’ use of the bay over daily, seasonal, and tidal 
cycles. These findings offer insight into why Hector’s dolphins use Porpoise Bay and may help 
improve understanding of potential threats to the population. As such, the results of this study 
have implications for the management of this population.   
 
4.4.1 Spatial distribution of Hector’s dolphin in Porpoise Bay 
Hector’s dolphin presence in Porpoise Bay was greatest during the summer sampling months, 
with dolphins showing a clear preference for a small area in the south-west corner of the bay. 
This finding is consistent with the visual observations from this study and with previous studies 
of Hector’s dolphins in Porpoise Bay (Bejder & Dawson, 2001; Green, 2003; Webster & 
Rayment, 2008), and suggests long-term stability in the core habitat use of this population. 
Comparison of KDEs generated by boat-based and land-based sightings of dolphins suggests 
a slight difference in the core-use habitat of Hector’s dolphins in Porpoise Bay. In the KDE 
generated by boat-based surveys, an additional area of core-use is apparent in the middle of the 
bay. This is most likely to be due to a limitation of theodolite tracking, whereby sightings are 
biased by distance (i.e. observers are more likely to see dolphins if they are closer to the survey 
station). Furthermore, the area of the bay closest to the theodolite station also tends to be the 
calmest part of the bay, which may have made sighting Hector’s dolphins in this area easier. 
Alternatively, the additional core-use area in the middle of the bay may have been an artefact 
of the photo-ID survey method. Hector’s dolphins may have been initially attracted towards 
the survey vessel as it travelled slowly (typically <5 knots) along its transect, as has been found 
in other studies (e.g. Slooten & Dawson 1988). Nonetheless, all KDEs in this study suggest 
that dolphins prefer the southern half of the bay, as sightings of dolphin groups were never 
made in the northern part of the bay. 
The preference for the southern half of Porpoise Bay by Hector’s dolphins is likely related to 
critical behaviours such as foraging and calving. Firstly, as Hector’s dolphins are small-bodied 
mammals with high metabolic rates (Miller et al. 2013; Slooten & Dawson 2013), they need to 
forage frequently to satisfy high energetic demands (e.g. Harding et al. 2005). By foraging at 





demands of diving (e.g. Williams et al. 1999). Secondly, the dolphins’ largest core-use area in 
Porpoise Bay occurred near the mouth of Cook Creek. It is possible that this feature plays a 
role in the aggregation of potential prey species in Porpoise Bay, similar to what has been found 
for dolphin species elsewhere (e.g. snubfin dolphins Orcaella heinsohni, Indo-Pacific 
humpback dolphins Sousa chinensis, Parra et al. 2006; bottlenose dolphins, Arso Civil et al. 
2019). Finally, the larger core-use area is relatively sheltered compared to the rest of Porpoise 
Bay. This may provide good habitat for dolphins to rest and socialise while reducing energetic 
costs (e.g. spinner dolphins, Tyne et al. 2015), particularly for nursing mothers. Given the 
apparent importance of Porpoise Bay to Hector’s dolphins, continued research and monitoring 
of Hector’s dolphin distribution should be considered to help detect changes to the ecosystem 
and identify threats that need to be managed.  
The high usage of Porpoise Bay by Hector’s dolphins during summer coincides with the time 
of year when the presence of swimmers is also high (Chapter 3). There was no evidence to 
suggest that Hector’s dolphins were displaced from their core-use area when swimmers were 
present (i.e. during impact situations), although this result may be due to the definition of 
swimmer presence used in this study (i.e. dolphins within 200 m of swimmers). It should be 
noted that a lack of observed displacement does not necessarily equate to no effect on the 
population (e.g. Bejder et al. 2009). A more informative approach could include examining 
dolphin distribution in relation to the number of swimmers in the water. This could be 
integrated relatively easily into hourly beach counts (Chapter 3) and may involve instantaneous 
sampling of all dolphins and swimmers observable from South Head.  
 
4.4.2 Temporal distribution of Hector’s dolphins in Porpoise Bay 
Until now, passive acoustic monitoring (PAM) of Hector’s dolphins has been limited to a large 
population at Banks Peninsula (e.g. Rayment et al. 2009b; Leunissen et al. 2019; Brough et al. 
2020), and to the critically endangered Māui dolphin (Cephalorhynchus hectori maui); e.g. 
Rayment et al. 2011). This study confirms the effectiveness of this approach for small local 
populations of Hector’s dolphins. PAM revealed significant differences in use of Porpoise Bay 
by Hector’s dolphins over diel and tidal cycles. Dolphins were detected significantly more 
often during the day (between approximately 06:00 – 19:00 h) than at night. It is likely that 
Porpoise Bay provides favourable foraging habitat for Hector’s dolphins during daylight hours, 





spent ‘long-diving’ and presumably foraging (Green 2003; Chapter 3). Previous studies using 
land-based theodolite tracking in Porpoise Bay suggested that dolphin groups became more 
congregated throughout the day, with particularly high use of the south-west corner of the bay 
between 14:00 and 18:00 h (Bejder & Dawson 2001; Green 2003). In the present study a peak 
in dolphin echolocation detections was also apparent during this time. It is unclear what the 
exact reason for this trend is. Future studies should consider identifying and modelling Hector’s 
dolphin foraging ‘buzzes’, similar to Brough et al. (2020). This would further enhance 
knowledge of potential foraging behaviour in Porpoise Bay. 
In contrast to the high rate of detections during the day, Hector’s dolphin echolocation 
detections were much lower at night. Research investigating the distribution of the congeneric 
Heaviside’s dolphin (Cephalorhynchus heavisidii) in South Africa indicated that dolphins were 
closest to shore during the morning and furthest from shore at night (Elwen et al. 2006; Elwen 
et al. 2009). For Heaviside’s dolphin, this diel onshore-offshore migration is likely related to 
nocturnal foraging on vertically migrating prey species further offshore (Sekiguchi et al. 1992; 
Elwen et al. 2010). Likewise, it has been suggested that harbour porpoises shift their 
distribution to different depths or habitats at night to take advantage of changing prey 
availability (Todd et al. 2009; Mikkelsen et al. 2013; Holdman et al. 2019). Whether a similar 
situation exists for Hector’s dolphin in Porpoise Bay is not currently known; although, studies 
of other populations in New Zealand may offer possible explanations. Some research has 
suggested that Hector’s dolphins move further offshore during the night and return to high-use 
areas during the day, similar to Heaviside’s (e.g. Stone et al. 1995). Although more recent 
studies have found no evidence to support the conclusions of Stone et al. (1995) (e.g. Bejder & 
Dawson 2001; Rayment et al. 2009b; Dawson et al. 2013). In contrast, research using PAM in 
Akaroa Harbour suggested that rather than inshore-offshore movement, Hector’s dolphin 
distribution changes from the inner to outer areas of the harbour over a daily scale (Dawson et 
al. 2013). Recently, Brough et al. (2020) built upon this PAM work by sampling locations from 
around Banks Peninsula. Detections of Hector’s dolphin foraging buzzes varied among 
locations, with some locations showing similar diel patterns to this study and others showing 
the opposite where detections increased during the night (Brough et al. 2020). As such, 
flexibility in foraging behaviour and responses to prey availability are likely driving diel 
patterns of Hector’s dolphin distribution (Brough et al. 2020). Alternatively, the low rate of 
Hector’s dolphin echolocation detections during the night in Porpoise Bay could be related to 





bottlenose dolphins in Shark Bay is partly influenced by the density of tiger sharks (Galeocerdo 
cuvier) (Heithaus & Dill 2002). In that study, an observed reduction in use of shallow waters 
by dolphins is thought to reflect an increased risk of predation when sharks were present 
(Heithaus & Dill 2002). In Porpoise Bay, several sightings of sevengill sharks (Notorynchus 
cepedianus) have been reported (Nick Smart pers. comm). As these sharks may be predators 
of Hector’s dolphins (Hamner et al. 2012), it is not unreasonable to assume that their presence 
influences Hector’s dolphin distribution. There is currently no systematic evidence to support 
this idea and more research is needed. 
Prior to this study, the potential drivers of Hector’s dolphins’ use of Porpoise Bay were inferred 
through surface-based behavioural observations from a theodolite station. The results presented 
support the idea that Porpoise Bay provides important habitat for Hector’s dolphins (Bejder & 
Dawson 2001; Green 2003) and highlight the effectiveness of passive acoustic monitoring as a 
tool for studying the ecology of small delphinid populations. Generalised additive models 
indicated that tidal state had a significant effect on the detection rate of dolphins in Porpoise 
Bay. Echolocation detections were greatest during the flood tide, just before high tide, and 
lowest around low tide. Similar studies at Banks Peninsula have also shown that habitat use of 
Hector’s dolphins is influenced by tidal state (e.g. Dawson et al. 2013; Brough et al. 2020). 
Those studies analysed much larger datasets, and therefore had much more statistical power to 
detect effects that are small (Dawson et al. 2013). Patterns of echolocation activity in relation 
to tidal state were indeed detected, with some locations (e.g. Akaroa Harbour, Brough et al. 
2020) showing similarly high rates of dolphin detections around high tide found in the present 
study. In other small cetaceans, studies have hypothesised that higher detections during the 
flood tide are related to higher prey availability and/or a lower energy expenditure for dolphins 
when hunting them (e.g. Mendes et al. 2002; Johnston et al. 2005; Wang et al. 2015; Holdman 
et al. 2019). For example, some studies have suggested that peak tidal flows may destabilise 
fish in the water (Benjamins et al. 2016), allowing harbour porpoises to forage efficiently on 
suspended prey (Jones et al. 2014).  
For Hector’s dolphins it is likely that trends in echolocation detections are also related to 
potential prey availability (Dawson et al. 2013; Brough et al. 2020). Much of what is known 
about Hector’s dolphin foraging ecology comes from Banks Peninsula (e.g. Miller et al. 2013; 
Dawson et al. 2013; Brough et al. 2020). No studies have assessed potential prey of Hector’s 
dolphins in Porpoise Bay. Addressing this knowledge gap would likely have significant 





low-cost non-invasive techniques such as baited underwater video (e.g. Bennington et al. 2020) 
or recreational grade echosounders (e.g. Brough et al. 2019b) to quantify prey distribution and 
create species distribution models. Exploring potential variation in the foraging ecology of 
different Hector’s dolphin populations may help researchers better predict where important 
habitat occurs, if it overlaps with anthropogenic threats, and how it may change in the future. 
This is particularly important to consider as changes to global atmospheric and oceanic 
circulation systems are projected to significantly alter the structure and function of coastal 
marine ecosystems in New Zealand (Boyd & Law 2011; Law et al. 2018).  
Interestingly, this study found new evidence of Hector’s dolphin use of Porpoise Bay during 
non-summer months, albeit at lower rates compared to summer. This addresses a key 
knowledge gap described by Bejder & Dawson (2001). Hector’s dolphin echolocation clicks 
were detected by T-PODs moored in both the inner and middle parts of the bay in August. 
Sightings of dolphin groups, though in small group sizes, from theodolite and photo-ID surveys 
also provided evidence of Hector’s dolphin presence in Porpoise Bay outside of summer. 
Dolphins were often sighted just outside of the bay south of South Head, typically in small 
groups with calves or juveniles. This area fell outside the monitored study area, so no 
distribution data were gathered. The results here suggest Porpoise Bay may be an important 
habitat throughout the year for at least some dolphins in the Catlins coast population. The 
seasonal trends in distribution observed in this study are consistent with some other populations 
of Hector’s dolphins, whereby dolphins form smaller, more dispersed groups and are typically 
found further offshore outside of the summer months (e.g. Banks Peninsula, Rayment et al. 
2010; Otago, Turek et al. 2013). These differences in distribution are likely associated with the 
availability of potential prey species, as well as opportunities for other complex behaviours 
such as mating and calving (Dawson et al. 2013; Brough et al. 2019a). This is a probable 
explanation for seasonal patterns of use in Porpoise Bay by Hector’s dolphins. Further 
improving our knowledge of seasonal drivers of distribution of Hector’s dolphins in Porpoise 
Bay should be considered in future studies.  
 
4.4.3 Study limitations 
For kernel density estimation in this study, two sources of location data were used; initial 
sighting location from boat-based surveys and a randomly selected fix from each dolphin group 





visual detections of dolphin groups are subject to availability bias when dolphins are below the 
surface of the water and not available to be seen. Secondly, perception bias arises when animals 
are potentially visible to observers but are not seen due to adverse environmental conditions 
such as glare (Marsh & Sinclair 1989). These biases were minimised through a robust study 
design (e.g. only conducting surveys during Beaufort sea state 2 or less), however, some 
dolphins were likely missed. For example, a small area below South Head was not visible from 
the theodolite station, yet Hector’s dolphins are often seen in this area (pers. obs). Furthermore, 
the 30x scope of the theodolite used in this study often proved difficult to use when dolphins 
were in areas of the bay with no landmarks to aid the theodolite operator in finding them. This 
limitation could be overcome by using a more suitable theodolite (see Chapter 3 for 
recommendations) or using different technologies. For example, there is significant potential 
for the use of unmanned aerial vehicles (UAVs) to study Hector’s dolphin behaviour and 
distribution in Porpoise Bay and surrounding areas. The use of UAVs could provide a key 
advantage over theodolite and boat-based surveys as it would allow for observations of 
Hector’s dolphins in areas out of sight from the theodolite station and inaccessible from the 
photo-ID survey vessel. Moreover, the capacity of UAVs to gather fine-scale data throughout 
the range of highly mobile marine species is growing (Nelms et al. 2021). This technology 
could potentially be used to survey Hector’s dolphins outside of Porpoise Bay without the risks 
associated with using a survey vessel in a challenging marine environment. Similar technology 
is being developed to monitor the critically endangered Māui dolphin (Maui63 2021). 
Due to weather constraints, T-PODs were each deployed for approximately 15 days during the 
summer and 4 days during August. Even with a small number of non-summer sampling days, 
this study was able to document the presence of Hector’s dolphins in Porpoise Bay outside of 
summer. Future studies using passive acoustic monitoring in Porpoise Bay would benefit from 
a greater number of sampling days. This may allow for more fine-scale trends in seasonal use 
of Porpoise Bay by Hector’s dolphins to be assessed. Additionally, this study did not deploy a 
T-POD in the northern half of Porpoise Bay. As such, the use of the northern part of Porpoise 
Bay by Hector’s dolphins has not yet been assessed using passive acoustic monitoring. 
Trialling new passive acoustic monitoring instruments in Porpoise Bay should also be 
considered. The bay provides an easily accessible, relatively sheltered, shallow area that could 
be used to assess the effective detection radius of newer POD models (e.g. F-PODs, Chelonia 
Ltd). This information could potentially be useful for monitoring of other Hector’s dolphin 





acoustic detections reflected Hector’s dolphin presence. That is, the dolphins did not show diel 
patterns in vocalisation (Dawson et al. 2013). While this assumption could not be tested, 
Dawson et al. (2013) note that long-term, intensive monitoring of Hector’s dolphins at Banks 
Peninsula provides no evidence to suggest this pattern exists. 
 
4.4.4 Conclusions 
The results of this study add to our understanding of when, where, and why Hector’s dolphins 
use Porpoise Bay. Here, it has been demonstrated that using a combination of relatively 
inexpensive, non-invasive monitoring techniques can provide important information about 
fine-scale distribution, ecology, and the potential effects of anthropogenic threats to Hector’s 
dolphins. Further investigation into the ecological drivers of Hector’s dolphin distribution in 




















Chapter 5 – General discussion 
 
This thesis has updated the conservation status of an important local population of Hector’s 
dolphins found off the Catlins coast. The primary aims were to estimate the abundance, assess 
the potential effects of recreational swimmers, and quantify the use Porpoise Bay by Hector’s 
dolphins. The results indicate that the population remains very small and vulnerable to local 
extinction, and highlights the need for targeted management actions to promote recovery and 
resilience. More broadly, this research has addressed key gaps in our understanding of the 
ecology of small populations of Hector’s dolphins, as well as the effects of recreational 
swimmers on coastal dolphin populations.  
 
5.1 Summary of findings 
Capture-recapture modelling of photo-identification data (Chapter 2) was used to produce a 
new estimate of abundance for the Hector’s dolphins using Porpoise Bay in the summer of 
2019/20. It was estimated that 53 Hector’s dolphins (95% CI = 41-71), including three new 
calves, used Porpoise Bay during between January and March 2020. Linear regression analyses 
showed no evidence of population recovery from previous estimates in 1996/97 (Bejder & 
Dawson 2001), 2002/03 (Green 2003), and 2008 (Webster & Rayment 2008). Re-sightings of 
three naturally marked Hector’s dolphins from the 2008 photo-identification catalogue 
(Webster & Rayment 2008) demonstrate long-term use of Porpoise Bay by at least some 
individuals. In addition, results suggest that mark rate of the population has declined. 
Theodolite tracking was used to conduct a comprehensive assessment of the potential effects 
of recreational swimmers on Hector’s dolphins in Porpoise Bay (Chapter 3). Dolphins were 
observed in the presence of swimmers (i.e. swimmers within 200 m of the focal dolphin group) 
for approximately 55% of observation time, a substantial increase from previous research in 
1995-97 and 2001-03 (Bejder et al. 1999; Green 2003). Most swimmer-dolphin interactions 
were classified as ‘neutral’, although changes in the dolphins’ behaviour were detected when 
swimmers were present. Of particular concern was a significant decrease in the proportion of 
time dolphins spent ‘long-diving’ (presumably foraging) in the presence of swimmers. While 
caution should be applied when interpreting the consequences of short-term behavioural 





being of some individuals. Additionally, compliance with management guidelines designed to 
limit potential disturbance to the dolphins was low. Unaided swimmers were most commonly 
observed breaching the ‘enter the water at least 50 m away from dolphins’ guideline. In 
addition, dolphin groups contained at least one calf in almost half of the observed swimmer-
dolphin interactions. These results highlight the need for better education of visitors to Porpoise 
Bay to ensure that compliance with local and legislative rules is improved and the potential 
effects on Hector’s dolphins are minimized. 
Habitat use within Porpoise Bay was investigated using sighting data from Chapters 2 and 3, 
and passive acoustic monitoring (PAM). Results indicated that dolphins preferred the south-
west corner of the bay. This finding is consistent with previous research (i.e. Bejder & Dawson 
2001; Green 2003; Webster & Rayment 2008) and suggests long-term seasonal fidelity of 
Hector’s dolphins in Porpoise Bay. Notably, this study was the first to use PAM to investigate 
diel and tidal trends in habitat use in Porpoise Bay. Detection rate of dolphins was highest 
during the flood tide, which is likely associated with prey availability. This supports the idea 
that Porpoise Bay provides foraging opportunities for Hector’s dolphins (Green 2003). In 
addition, dolphins were significantly more likely to be detected during the day (i.e. 06:00 to 
19:00) compared to at night. The dolphins’ use of the bay overlapped with that of swimmers; 
however, there was no evidence to suggest swimmer presence displaced dolphins in Porpoise 
Bay. Interestingly, new evidence of Hector’s dolphin presence in the bay during non-summer 
months was found. This suggests that Porpoise Bay may be important throughout the year for 
at least some individuals in the Catlins coast population. Given the dolphins’ high use of the 
bay, there is a need to continue monitoring of potential anthropogenic threats.  
 
5.2 Implications for management of recreational swimmers in Porpoise Bay  
To effectively manage coastal dolphin populations and ensure their long-term persistence, 
knowledge of their abundance, distribution, and overlap with threats is essential (Avila et al. 
2018). In this thesis, theodolite tracking and PAM demonstrated that Hector’s dolphins are 
consistently found in Porpoise Bay during summer. Elsewhere, studies using passive acoustics 
to document dolphin presence, and active acoustics to document abundance of potential prey, 
have shown that areas of high use by Hector’s dolphins are likely important for foraging (e.g. 
Brough et al. 2019b, 2020). That dolphins were frequently observed long-diving, and calves 





habitat for this small, local population of Hector’s dolphins (Green 2003). As this population 
shows seasonal fidelity and a strong preference for a small, shallow area in the southern part 
of the bay, natural or anthropogenic pressures which affect this area have the potential to impact 
the dolphins on an individual and/or population level (e.g. Merrick et al. 2018).  
The presence of recreational swimmers during summer may be a key pressure on Hector’s 
dolphins in Porpoise Bay. While there is currently little evidence to suggest that swimmers are 
having detrimental effects on the population, there is potential for disruption to critical 
behaviours of some individuals. Mothers and calves are particularly vulnerable as disturbance 
could alter the mothers’ energetic budgets and decrease calf survival (e.g. Stensland & 
Berggren 2007; Christiansen & Lusseau 2014). Mother-calf pairs were present in almost half 
of the swimmer-dolphin interactions observed in this study. As only three new calves were 
observed during this study, it is likely that some or all mother-calf pairs that used Porpoise Bay 
were repeatedly exposed to swimmers. There is currently very limited understanding of how 
such exposure may impact the well-being of Hector’s dolphins on an individual level. Adult 
Hector’s dolphins are small (ca. 45kg), and bear proportionately large calves (ca. 8-10 kg) into 
relatively cool water (Slooten & Dawson 2013). The burden of lactation is likely to be very 
high compared to other cetaceans. It is possible that mother-calf pairs in Porpoise Bay could 
experience reduced energetic intake if swimmers disrupt foraging or nursing behaviours (e.g. 
Williams et al. 2006; Stensland & Berggren 2007). In both terrestrial and marine species, 
chronic exposure to human activities has been associated with reduced reproductive rates and 
juvenile survivorship (e.g. White et al. 1985; Phillips et al. 2000; Bejder 2005; French et al. 
2011). Whether a similar situation exists in Porpoise Bay is not known; however, management 
actions to minimise the potential effects of swimmer presence on Hector’s dolphins in Porpoise 
Bay are recommended.   
New Zealand’s Marine Mammals Protection Regulations (MMPR 1992) provide for the 
protection of dolphin calves by prohibiting people from swimming with them (i.e. section 
20(b)). Compliance with the MMPR in Porpoise Bay is not regularly monitored or enforced. 
Accordingly, swimmers can decide when and where they get in the water without potential 
consequences if they contravene the MMPR. In comparison, commercial tour operators at 
Banks Peninsula strictly adhere to the MMPR as a part of permit conditions (Martinez et al. 
2010). This raises an important question; how can swimmer compliance with management 
guidelines be improved in an unenforced environment? One option is for there to be a ranger 





educate potential swimmers and enforce the rules. However, this would likely be time and 
resource intensive. Alternatively, improving educational signage in Porpoise Bay may provide 
better conservation outcomes. In Hawai’i, better educational signage has been recommended 
to reduce potential disturbance to resting spinner dolphins (Stenella longirostris) from 
recreational activities (Donnelly et al. 2021). In that study, results from questionnaires 
indicated that most visitors had little knowledge of why dolphins used the bays and were likely 
to be compliant if signage contained biological rationales for guidelines (Donnelly et al. 2021). 
Future research in Porpoise Bay may benefit from similar social surveys to help guide 
management.  
In Porpoise Bay, the existing signage is contradictory and situated in areas less likely to attract 
the attention of potential swimmers. Further, section 20(b) of the MMPR is not currently 
displayed on any signage in Porpoise Bay. New educational signage that clearly outlines all 
swimmer-dolphin management guidelines and their biological rationale in Porpoise Bay, is 
warranted (e.g. Southland District Council 2009). In addition, signage should also mention 
MMPR section 18(h) and local restrictions on use of drones in the area. This is based on 
observations of two drones flying over Porpoise Bay and Curio Bay during the study period, 
as well as conversations with drone operators about a lack of signage stating drones were 
prohibited. 
The hiatus in international tourism in Aotearoa New Zealand provides a unique opportunity for 
the management of tourism activities that may be impacting cetaceans to be reviewed and 
improved upon (Fumagalli et al. 2021). Data on the number of visitors staying at the Curio Bay 
campground, adjacent to Porpoise Bay, suggest that the number of visitors in the area during 
summer may be stable thus far following the March/April 2020 COVID-19 lockdown (Fig. 
5.1; South Catlins Charitable Trust unpublished data). Given the uncertainty of trends in 
tourism in Porpoise Bay, the following management actions are recommended to reduce 
potential disturbance to Hector’s dolphins: 
• New signage be implemented which emphasises that Hector’s dolphins use Porpoise 
Bay for critical behaviours such as foraging and nursing, and swimmers should behave 
according to the guidelines to reduce potential disturbance to the dolphins. 
• Signage should include consistent guidelines for swimmer-dolphin interactions, e.g. 
enter the water at least 50 m away from dolphin groups, do not feed or try to touch the 





should also clarify exactly what is meant by the “keep your distance” guideline and 
mention that swimmers should not attempt to attract dolphins (e.g. by banging rocks 
together underwater).  
• Signage should clearly state that it is illegal to swim with dolphin groups containing 
calves under section 20(b) of the MMPR. This should be accompanied by biological 
rationale for the guideline (i.e. minimising potential disruption to critical behaviours 
like foraging and nursing).  
• Signage should also include a message about restrictions on flying drones in the area 
due to the need for a permit to fly over dolphins (MMPR section 18(h)), and over the 
adjacent Curio Bay Scientific Reserve. Inclusion of consistent guidelines for other 
local, endangered species on signage (e.g. hoiho Megadyptes antipodes) is also 
recommended. 
 
Figure 5.1. Total number of guests that stayed at least one night at the Curio Bay campground 
each summer between 2015 and 2021. Data are pooled between December and March to 
represent the summer tourism period (e.g. for the ‘2015’ column, data are pooled between 








































5.3 Implications for management of the SCSI Hector’s dolphins  
Hamner et al. (2012) showed significant genetic differentiation between the recognised south 
coast South Island (SCSI) Hector’s dolphin populations (i.e. Catlins coast and Te Waewae Bay) 
and recommended separate management plans for these populations. This recommendation has 
not been implemented, despite the opportunity to do so in the recently reviewed Threat 
Management Plan (TMP; DOC & MPI 2020). The management decisions resulting from the 
TMP process, approved by the New Zealand Government in June 2020, did not provide any 
additional fisheries protections along the Catlins coast. Rather, additional fisheries protections 
were introduced at Te Waewae Bay (Fisheries New Zealand 2020). New restrictions on seabed 
mining and changes to restrictions on seismic surveys were introduced within the Catlins Coast 
and Te Waewae Bay Marine Mammal Sanctuaries (New Zealand Gazette 2020). 
The lack of increased protection from incidental mortality in gillnets and other potentially 
harmful fishing methods outside Te Waewae Bay is concerning for two reasons. Firstly, despite 
relatively low survey effort, Hector’s dolphins have been seen well beyond the 4 n.mi. offshore 
limit of the current restriction on gillnetting (Fig 5.2; Clement et al. 2011; Mackenzie & 
Clement 2018). This indicates that current fisheries restrictions along the Catlins coast are 
insufficient to prevent bycatch of dolphins from this small population. In addition, there are 
opportunistic and aerial survey sightings of Hector’s dolphins between Te Waewae Bay and 
the Catlins, as well as between the Catlins and Otago (Fig. 5.2; DOC Māui and Hector’s dolphin 
sighting database 2020). The offshore distribution of these populations is unknown; however, 
research from other populations would suggest that their habitat may occur outside of current 
fisheries protection (e.g. Hector’s dolphins have been sighted 18.2 n.mi. off Banks Peninsula, 
Rayment et al. 2010). More research is needed to guide management of potential corridor 
populations along the south coast.  
Secondly, to work well at low population densities, aerial surveys need to be specifically 
designed, and have high survey effort (Slooten et al. 2006; Dawson et al. 2008). The latest 
aerial survey that covered the Catlins coast resulted in too few sighting to produce a robust 
estimate of abundance (Mackenzie & Clement 2018). Resulting management options for 
fisheries-related threats along the SCSI were considered only for Te Waewae Bay (Nash 2020). 
The present study therefore provides key information relevant to the management of Hector’s 





vulnerable to extinction. Therefore, further restrictions on gillnets and other fishing methods 
that might incidentally catch Hector’s dolphins in the Catlins is recommended. 
 
Figure 5.2. Map of the south coast of New Zealand’s South Island with recognised local 
populations of Hector’s dolphins shown. Blue circles indicate sightings of Hector’s dolphins 
from the Department of Conservation (DOC) database and sightings from aerial surveys by the 
Ministry for Primary Industries (MPI; Mackenzie & Clement 2018). The 100 m depth contour 
(light green line) represents the proposed extent of gillnet and trawl restrictions recommended 
by the International Union for Conservation of Nature (IUCN 2012). 
 
Elsewhere, coastal cetacean populations have been shown to benefit from management actions 
that have banned or restricted gillnet use within their habitats. For example, evidence from the 
Banks Peninsula Marine Mammal Sanctuary suggests that elimination of commercial 
gillnetting within the sanctuary resulted in an ~5% increase in survival rate of the Hector’s 
dolphin population (Gormley et al. 2012). Moreover, a recent study examined long-term trends 





phocoena) off California, USA, with varying levels of gillnet protection (Forney et al. 2020). 
Of the four stocks, three grew at rates >5% per year after gillnets were largely or fully 
eliminated from the species’ habitat, while one appeared to be stable or slightly increasing 
(Forney et al. 2020). These examples clearly demonstrate that populations of small coastal 
cetaceans can recover if bycatch is eliminated.  
Given the importance of the Catlins coast population as a genetic stepping-stone between the 
south coast and east coast South Island regional populations (Pichler 2002; Hamner et al. 2012), 
it is recommended that the findings of this study (i.e. small population size and no evidence of 
a change in size) be used to help guide management of fisheries-related threats to Hector’s 
dolphins along the south coast. Prohibiting gillnets and trawling throughout Hector’s dolphin 
habitat (i.e. out to the 100 m depth contour) will help ensure that the population that uses 
Porpoise Bay does not decline and is not put at greater risk of extinction. This is consistent 
with recommendations by the International Union for Conservation of Nature (IUCN 2012). 
 
5.4 Future directions 
This thesis has provided a detailed overview of the ecology and conservation of Hector’s 
dolphins that use Porpoise Bay. As the study took place over a relatively short period of time, 
more research is needed to effectively guide the management of the population. A summary of 
research recommendations is given below. 
• Increase the frequency and intensity of monitoring of the Catlins coast Hector’s dolphin 
population. This will improve the ability of researchers to detect trends in population 
size, the potential effects of tourism activities, and help assess the efficacy of 
management measures. Furthermore, more frequent monitoring may allow for 
demographic parameters, such as reproductive and survival rates, to be calculated. 
• Consider the use of a full Bayesian capture-recapture population model to estimate the 
abundance and mark rate of Hector’s dolphins using Porpoise Bay. This approach is 
now considered best practice (Wickman et al. 2021) and may make findings more 
interpretable for managers (e.g. Taylor & Gerrodette 1993; Gerrodette et al. 2008).  
• Improve knowledge of the Catlins coast population’s offshore and alongshore 





Catlins coast area. This would allow researchers to determine human-induced mortality 
limits specifically for the Catlins coast population. 
• Assess visitor perceptions and expectations, as well as interpretation and efficacy of 
signage in Porpoise Bay. This may provide valuable information on the sustainability 
of unregulated tourism in the bay and improve management measures (e.g. D’Lima et 
al. 2018; Cornejo-Ortega et al. 2018; Donnelly et al. 2021). 
• Explore the use of alternative methods to study Hector’s dolphin behaviour and 
distribution in Porpoise Bay. New technologies such as UAVs could be used to non-
invasively document fine-scale movements of dolphins and behavioural responses to 
recreational swimmers (e.g. Hartman et al. 2020; Fiori et al. 2020; Torres-Ortiz et al. 
2021). In addition, alternative types of theodolite should be considered to improve the 
operator’s ability to track the focal dolphin group. 
• Quantify potential prey distribution of Hector’s dolphins in Porpoise Bay using 
established technologies such as baited underwater video (e.g. Bennington et al. 2020) 
or recreational grade echosounders (e.g. Brough et al. 2019b). This information may 
help researchers better predict where important habitat occurs, if it overlaps with 
anthropogenic threats, and how it may change in the future. 
• Improve knowledge of the abundance and distribution of ‘corridor’ populations of 
Hector’s dolphins to help guide management. These smaller populations are poorly 
understood and likely provide genetic connectivity between the south coast and east 
coast South Island Hector’s dolphin populations.  
 
5.5 Concluding statement 
This thesis has highlighted the vulnerability of the Hector’s dolphin population that uses 
Porpoise Bay. Valuable information has been presented here that could be used to guide 
effective management of potential threats to the population. Continued research and monitoring 











Appendix A1. Plot of piecewise linear regression using the R package ‘segmented’. The 
optimal breakpoint was estimated to be 5.6 minutes. 
 
Appendix A2. Plot of the proportion of identical behavioural states between fixes for each 
time shift (i.e. number of minutes between fixes being compared) in each focal dolphin track. 
Data have been pooled for all focal dolphin groups in this study. The proportion of identical 
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